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Introduction 
CHAPTER-I 
INTRODUCTION 
The word 'physical' refers to the body, and indicates bodily 
characteristics such as strength, speed, endurance, flexibility, health, 
coordination and performance. 
Human being is an integration of the body and mind. Both 
components through their combinations make hire more successful. 
The mental process and the physical expression are beautifully 
interwoven in the mechanism of the whole man and his wholeness in 
no case should be made to suffer by separating mental and physical 
aspects (Kamlesh, 1988). 
Man's life is a continuous flow of activity. Every moment he is 
doing something and his entire activity is the result of the joint efforts 
of the body and mind; more integrated efforts yield more success to 
the individual. Things in this world, outside ourselves, come via the 
body (some organs) into our mind and things in our mind reach the 
world outside through the body (Gupta, 1983). 
Physical fitness is the capacity of an individual to carry out 
reasonably well various forms of physical activities without being 
unduly tired and includes qualities important to the individual's health 
and well being. Physical fitness is the basic requirement for most of 
the tasks to be undertaken by an individual in his daily life. If a 
person's body is under-developed or grows soft or inactive and if he 
fails to develop physical prowess, he is undermining his capacity for 
work, which are of vital importance to one's own life and society. 
Regular participation in vigorous exercise increases physical fitness. A 
high level of physical fitness is desirable for a healthful, productive 
life. Sedentary living habits and poor physical fitness have a negative 
impact on both health and daily living (Uppal, 1996). 
Coordinative motor abilities are particularly important at the 
initial stages of the sports development of a competitor (Zimmermann, 
Nicklisch, 1981, Raczek, 1989, I.jachl995, Raczek, Mynarski and 
Ljach 2002). A high level of coordination improvement since the 
earliest years makes it possible to make use of technical and tactical 
skills during a sports competition, effectively (Szczepanik,1993, 
Ljach,1995, Sadovski, 2003, Starosta, 2003, Gierczuk, 2004). A well-
formed basis of coordinative abilities in young sportsmen is 
maintained at a later aye and seemed an important reason for faster 
and more accurate learning of rather more difficult and complex 
movement tasks (Raczek, Mynarski and Ljach 2002) 
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The term coordinative abilities have come into existence 
replacing the earlier used term agility as stated in most of the literature 
on physical education. The concept of coordinative abilities should be 
understood as the ability expediently to form, coordinate and,link into 
an integrated whole the motive actions on one hand and secondly the 
ability to transform action already worked out under dynamic 
situations. These abilities to a considerable degree have their own 
specific role to play in learning and perfecting motor actions 
(Matveyev, 1977). 
The coordinative functions of the central nervous system and of 
one of its properties which Ivan Pavlov called plasticity are given a 
leading place in the physiological treatment of the essence of 
coordinative abilities. The ability to qualitatively coordinated 
movements undoubtedly depends on the perfection of the function of 
the analysis. This fact has practically been proved by the experiment 
(Newell, 1986). 
Various criterion measures have been used to evaluate 
coordinative abilities but none of them being generally accepted so 
far. However, still there is an agreement among most of the sports 
scientists on seven specific coordinative abilities( adaptation, balance, 
coupling differentiation, orientation, reaction and rhythmic ability). 
The degree of development of these abilities in some measure allow to 
judge the time expended on mastering new forms of motor movements 
or on the restructuring of those already mastered. The indices of the 
accuracy of movement reached (in time, space and the degree of 
effort) as well as the general criteria used for evaluating the degree of 
perfectioning sports technique (Schmidth & Lee 2005). According 
to(Schmidth & Lee, 2005) motor learning is a set of processes 
associated with practice and experience leading to relatively 
permanent changes in the capability of movement. 
Newell (1985) however described three types of constraints of 
motor learning: organism constraints (including neurological integrity, 
biomechanical factors, muscle strength), environmental constraints 
(including gravity, lighting), and task constraints (including the goal 
of the task, rules, implements available) according to him these 
constraints interrelatively influence the process of coordination at the 
time of executing an specific movement. 
A host of other prominent sports scientists have advocated that 
practice and experience alter the formation of sports movement 
through interaction with the environment and the demand of the 
task(Kugler, Turvey and Carlton, 1987).They also pointedout that 
attracter states are efficient pattern of movement that develop with 
a1a 
practice and experiences for common task. Kugler and Turvey (1980) 
further developed Bernstein's constraints theory suggesting that the 
development of movement skill and coordination is brought about by 
changes in constraints imposed upon the organism-environment 
system, guided by movement produced information. 
In the subsequent years Newell (1986) similarly developed a 
framework which identified three potential sources of enablers to 
action - the organism, the task and the environment. Newell (1986) 
further proposed that these enablers interact with each other leading to 
a task-specific organization of the movement coordination pattern and 
that this pattern is emergent rather than prescribed. 
However. Newell's constraints model established a framework 
which identified an emergent behavior from three sources of enablers, 
researchers sought to investigate the interacting effect of maturation, 
progression of behavior and directional trends of movement. It was 
essential to understand these non linear interactions in the progression 
of skill and motor behavior that led to the increasing interest in the 
dynamic motor control theory. 
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Especially in sports, in addition to motor abilities, the 
coordinative abilities are the prerequisites for developing high athletic 
performance. With high level of coordinative abilities, athletes can 
learn and improve athletic motor abilities and techniques that are 
required for the specific sport more promptly and with a higher degree 
of quality. (Hartmann, Minow and Senf 2002) 
Co-ordination means working of all the muscle groups of the 
body in union. It is of utmost importance in executing any movement 
with a predetermined objective. Between the muscles groups, co-
ordination is divided into inter-muscular co-ordination and intra-
muscular co-ordination that refers to coordination between different 
muscle groups as well as between muscle fibres of the same muscle. 
Co-ordination is necessary to execute movements requiring speed and 
strength more efficiently, with less expenditure of energy, showing a 
better performance over a longer time. A person starts losing 
coordination once he gets tired and vice-versa. Athlete under fatigued 
cannot learn movements with a high degree of co-ordination having 
rhythm, accuracy, beauty etc. 
Although, there have been numerous coordinative abilities but 
the consensus among the sports scientist lies only on seven which 
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have been considered instrumental in the development of techno-
tactical aspect of the sports as well as the performance of the athletes. 
Coordination is the ability to integrate separate motor systems 
with varying sensory modalities into efficient movements. The 
harmonious working together of the synchrony, rhythm, and 
sequencing aspects of one's movements is crucial to coordinated 
movement. Various parts of the body may be involved, such as 
eyefoot coordination, as in kicking a ball or walking upstairs. Eye-
hand coordination is evident in fine motor activities such as bead 
stringing, tracing and clay modeling or in gross motor activities such 
as catching, striking or volleying a ball (Ali, 2005). 
Hand-eye coordination is the ability of' the vision system to 
coordinate the information received through the eyes to control, guide, 
and direct the hands in the accomplishment of a given task, such as 
punching or defending in combat sports. Hand-eye coordination uses 
the eyes to direct attention and the hands to execute a task. Fine motor 
skills are involved in the control of small muscle movements such as 
when an infant starts to use fingers with a purpose in coordination 
with the eves. 
Co-ordinative abilities play a decisive role in technical sports. It 
should not be equated with motor skills. Though both are inter related 
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and inter dependent upon each other, they are determined by the motor 
co-ordination process. In a motor skill movement process of body 
parts are largely automatised for the execution of the particular 
movement. 
In coordinative ability, the control and regulation processes are 
required to function in a particular manner, which is further 
automatized to a great extent during skill performance. 
Coordinative abilities are understood as relatively stabilized and 
generalised patterns of motor control and regulation processes. These 
enable the sportsman to do a group of movements with better quality 
and effect (Haire, 1989). 
In fact coordinative abilities are understood as stabilized and 
generalized patterns of motor control and regulation processes. These 
enable the sportsman to do a group of movements with better and 
effects. The development of coordinative abilities is important for all 
sports, but particularly for the technical sports, competitive games 
and over and above combative sports such as Judo, Boxing and 
\'restling etc. 
Seemingly, co-ordinative abilities have no essential significance 
in sports with standard structures of the movements and relatively 
constant permanent competitive conditioning. However, purposeful 
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development of coordinative abilities in the given case is one of the 
determining aspects of sports functioning, on which above all depends 
the level of the sports technical and tactical mastery. If due 
consideration is not given to it, constant specialization in standard 
form of movement will lead to stagnant motor skills and will narrow 
the very possibility of their restructuring and renewal (Metveyev, 
1981). 
The sports scientist have identified seven coordinative abilities 
namely orientation ability, differentiation ability, coupling ability, 
adaptation ability, rhythm ability, balance ability and reaction ability. 
All the co-ordinative abilities are invariably important for learning of 
sports techniques and for their continuous refinement and 
modifications during long term training process (Mynarski, 2000; 
Raczek, 2002; Metvevev, 1981; I-lar re, 1989; Singh, 1982). 
Co-ordinative abilities are primarily dependent on the motor 
control and regulation process of central nervous system. For each co-
ordinative abilities the motor control and regulation process function 
in a definite pattern. When a particular aspect of these functions is 
improved then the sportsperson is in a better position to do a certain 
group of movements which for their execution depends on the 
functioning pattern of central nervous system (Singh, 1991). 
Efficiency requires good coordination between the body and mind. 
Lack of coordination results in unskilled or poor movements which is 
dominated by cortical control that supersedes reflex and integrated 
mechanism (David, Johnson and Farrow, 1976). 
In technical sports beautiful and graceful movements are a 
product of well developed technical skills and co-ordnative abilities 
which to a great extent determine the maximum limits to which sport 
performance can be improved in several sports especially the sports 
which depend largely on technical and tactical factors (Singh, 1991). 
Emphasizing these abilities Metveyev, 1981 has advocated that 
when executing, "coordination assignments" first of all they demand 
utmost concentration of attention, subtle differentiations and 
regulations with, considerable alertness. Naturally, it is the best of all 
to tackle it at the beginning of the main part of the training session. 
The coordinate function of the central nervous system and the one of 
its properties which is also called plasticity are assigned a leading role 
in physical treatment of the essence of coordinative abilities. The 
ability to coordinate movements qualitatively depends largely on the 
perfection of the function of the analyzers (Matveyev, 1981). 
Such training means can also be used as ancillary means of 
fostering the improvement of analyzers' function while at the same 
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time the athlete can stay relatively passive. The analyzers as part of 
the whole neuromuscular system should be seen as a part of the 
'`Physiological sub- stratum" of coordination. Their function co-
determines the level of the coordinative abilities. This should be taken 
into consideration and these means only applied as an additional 
means to develop these functions (Harre, 1982). 
Insufficient training of coordinative abilities limits the 
performance ability especially at the higher level. On the contrary, 
better development of coordination abilities provide essential base for 
faster and effective learning, stabilization and valuation in technique 
and their successful execution in game situation. The quality of 
performance of all fundamental mechanical skills, the rhythm, flow, 
accuracy, amplitude etc. are improved by coordinative ability; it helps 
in developing very fine extra credible skills (Singh, 1991). 
Coordination is important for the development of combat 
sports; the coordinative abilities play a vital role during practice and 
competitive situations. In Judo, Boxing and Wrestling, the 
performance is significantly based on coordinative abilities, like 
reaction time, balance, rhythm, orientation etc., in Judo during 
uchikomi (repetition practice) the rhythmic ability and coupling ability 
play a major role as the technique to be perfected by repeating the 
movement a number of times. Kuzushi (off-balancing the opponent) is 
one of the pre- requisites for applying a successful throw which needs 
the attacker to be in good balance and posture. A learned judokas uses 
his reaction to get advantage of the opponent's slow and improper 
attacks in applying counter throws, In the game of Judo, after each 
bout, a judoka tights against a new opponent of different height. 
Posture measurement add to some extent different weight (specially in 
open weight category) that enables him to adjust and transform his 
grips, techniques, postures and movements depending on the 
opponent, hence to meet such situation, he requires a top class 
differentiation ability. During the osacwaza (ground work) there are 
numerous situations when ajudoka tries to hold the opponent, and the 
opponent lying below him is unable to see the movements and 
positions adopted by the inclination of weight and body parts of the 
opponent touching him; it is where he uses his orientation abilities to 
defend himself from holding, locking and chocking technique, 
(Sisodia, 2000). 
Wrestling belongs to the group of sports disciplines with 
complex movement activities in which an essential role is played by 
coordination motor abilities. A high level of coordination 
improvement, starting from the earliest years, positively influences the 
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process of ]earning new movements as well as enables to make a more 
effective use of technical and tactical skills during a sports fight. 
Therefore, the formation of coordinative abilities, since the earliest 
years, is the condition of training young wrestlers effectively. 
The continuously changing life processers create different needs 
and emphasis for different individuals, as they grow older. There 
needed an optimum level of fitness for different age groups, and for 
better understanding of physical fitness the components of physical 
fitness must be known. The components of physical fitness as listed 
by Lason and Yocomare include resistance to disease, muscular 
strength, muscular power, muscular endurance, cardiovascular 
endurance, flexibility, speed, agility, co-ordination, balance and 
accuracy. 
An individual with a high level of motor ability, possessing the 
basic motor qualities necessary for achieving excellence in a number 
of activities, may still be unable to perform well in a particular sport 
unless he has developed specific skills for that sport through long 
hours of practices. 
In technical and combat sports, beautiful and graceful 
movements are a product of well developed technical skills and 
coordinative activities. The coordinative abilities, to a great extent, 
determine the maximum limits to which sport performance can be 
improved in several sports, especially the sports which depend largely 
on technical and tactical factors. 
Experts in training science recently have been using the term 
'technique and coordinative abilities together as one performance 
factor technique/coordination, since both are interrelated and 
interdependent. They have in common the process of the taking in and 
processing information for the regulation of action which enable the 
sportsman to direct and control his movement according to changing 
situation. Both these qualities postulate coordination of the nervous 
and muscular systems. The learning of motor movement has positive 
effect on coordinative abilities necessary for the perfection of sports 
technique. Still these two qualities differ in the degree of their general 
training, methodic and the level of development. In case of motor 
skill, processes are largely automatized for the effective execution of a 
wide number of movements similar to each other. 
Judo involves quick and frequent exchanging of body position 
during game. Judokas try to outclass their opponents both with 
attacking and defensive tactics. Thus, in judo also coordinative 
abilities play an important role. 
Similar to judo coordinative abilities play a significant role in 
learning consolidation and mastery of skills in boxing as well. Punch 
and defense occur frequently in boxing and it is assumed that these 
skills may have strong relationship with coordinative abilities. In other 
combat games like wrestling etc, the player gets very limited time to 
perform, and enhanced reaction ability plays a significant role. 
Besides reaction ability, the other abilities, namely balance, rhythm, 
coupling, adaptation, orientation ability, balance ability have a 
significant place in the performance of a skill in the combative sports. 
Hence, we can say that almost all the coordinative coordinative 
abilities are very essential for better and effective movements for 
execution of effective movement in almost all the combative sports 
including boxing, judo and wrestling. 
Motor coordination is a part and parcel of action regulation and 
is closely linked with the process of cognitive, psychic and movement 
execution aspect of an action. Coordinative abilities have also 
important and strong links with motor skills as motor coordination 
forms the basis of both. Coordination has been one of the key factors 
in terms of performing skills in efficient manner. It is generally seen 
that elite athletes possess abundance of coordination for developing 
skill in a variety of ways. 
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COMBAT SPORT 
Combat sport is a competitive body contact sport where two 
combatants fight against each other using certain rules of engagement, 
typically with the aim of simulating parts of real hand of combat. 
Judo, wrestling, boxing, mixed martial arts and fencing are examples 
of combat sports. The techniques used in these sports can be 
categorized into three domains: grappling, striking and weapon usage. 
Sports related to combat skills have been a part of human culture for 
thousands of years. The ancient Olympic Games were largely 
composed of sports that tested skills related to combat, such as 
armoured foot race, wrestling, boxing, pankration, chariot racing 
amongst others. This tradition of combat sports was taken even further 
by the Romans with gladiators who would fight with weapons, often 
to the death. Through the middle ages and renaissance the tournaments 
became more popular. amongst aristocrats, where these combative 
sports were practiced by the all levels of society. 
In recent times combat sports have occupied a significant place 
among sports and games. It is a game of anticipation and masterful 
skill, deception and concentration. It requires mental and physical 
attributes to be in the top gear to tackle all eventualities in a bout. A 
bout is won by the perfect amalgam of physical condition, skills, 
experience and most importantly, the coordination, 
BOXING 
Boxing is one of the majour combat sports between two 
combatants who use their fists to achieve supremacy over their 
opponent. Like wrestling, boxing has ancient roots, as it was well 
known to the cultures of Mediterranean Sea and Egypt before it was 
first included in the Greek Olympics in 688 BC. Boxing was later 
known as pugilism, a derivative of the Latin term for a fighter, from 
which comes the slang term "pug." Boxing was first introduced in the 
modern Olympic Games at St. Louis in 1904. It has remained a sport 
where the competition is organized along weight classification lines, 
like other combat sports such as judo and wrestling wherein it is 
believed that the heavier competitor is generally the stronger one. 
With some variations in two categories, all professional boxing, as 
well as amateur competitions are determined by weight class. Boxing 
was introduced into the first Asian games held at New Delhi in 1951. 
Boxing is mainly divided into amateur and professional 
categories and Amateur Boxing Association (A.B.A.) is the highest 
governing body of boxing. It was formed in the year 1885 in London. 
It controls the tournaments including the Olympic Games, amateur 
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Boxing and Asian Games etc. In India, on May 13, 1948 the I.A.B.F. 
was formed at a meeting of provincial representatives who assembled 
at Calcutta for selecting boxing squad for Olympics. 
The first post-independence All-India boxing Championship 
was held on March 18, 1950 at the Brabourne Stadium, Bombay. At 
present the performance of Indian boxers at International level is 
improving day by day whether it is Asian games, Olympic games or 
any other championship. Vijender Singh an Indian boxer has bought 
laurels for the country by winning a bronze medal in Beijing Summer 
Olympics in 2008, the first ever olympic medal for an Indian boxers. 
The only significant difference between olympic and 
professional boxing is the length of the rounds in each bout and the 
use of protective gear. In Olympic competition, all fighters must wear 
protective headgear and each round is two minutes in duration, with 
one-minute intervals, and four rounds in total. Professional bouts can 
last from eight to fifteen rounds, depending on the weight 
classification, and scoring in the sport of boxing is similarly varied 
between amateur, olympic, and professional bodies, but the general 
principles remain consistent across the sport. 
Boxing matches are scored by the referee who is in the ring to 
maintain order and to enforce the rules of the sport, as well as by three 
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judges stationed outside the ring who assess the fight based on a 
scoring system. Each punch that, in the opinion of the referee, lands 
on the opponent's head or body will score a point. Penalties may be 
imposed in the scoring system for such items as a low blow, which is a 
punch delivered below the belt line of the opponent; a head butt; or 
any other type of contact that is not permitted by the rules. When the 
fight is not concluded with either a knockout or a technical knockout 
at the end of the last round, the fighter with the highest number of 
points will be deemed the winner. If the points total is equal, the fight 
is declared a draw. The fighting stance is similar to the traditional 
athletic stance common to the execution of many sports, with the 
knees bent and the hips flexed to permit agility and the establishment 
of a stable position. In the fighting stance, the boxer's hands are 
maintained in a defensive position in front of the head, to protect 
against punches aimed there. 
A counterpunch is a blow delivered in an immediate response to 
• one received from an opponent. A combination is a series of two or 
more different punches thrown consecutively. The boxer's footwork is 
of critical importance to the delivery of a strong punch from a 
balanced position. Footwork that permits the boxer to maintain 
balance as the blows are delivered and absorbed is the base on which 
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an effective punch can be delivered; an ability to move gracefully and 
with agility will often permit a boxer to escape dangerous encounters 
with the opponent. 
The tactics employed in a boxing match are a combination of a 
particular boxer's strengths, the opponent's perceived weaknesses, and 
the status of the fight at a given time. Boxing training is a very 
physically demanding process. Boxing is a sport that is anaerobic, in 
terms of the intervals of high intensity activity contained within each 
round; it is also aerobic in its requirements that the boxer builds a 
powerful physical recovery mechanism, to assist the body in returning 
to its natural balance between each round. Effective boxing 
programmes will make ample provision for the development of both 
energy systems. Boxers have traditionally employed skipping and 
running (road-work) to enhance their cardiovascular proficiency. 
Agility, lateral quickness, and hand-eye coordination are 
fundamental to boxing success. The mechanics of the delivery of a 
punch require the instant coordination of footwork with arm action. 
The physical risks of boxing are many; lacerations to the face, 
fractured noses, damage to the ear cartilage and similar injuries caused 
by punches to these areas are common to boxers. The most serious 
boxing injuries are those caused by a blow or a series of blows to the 
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head, most commonly concussion and subdural hematoma. 
Concussion is a brain injury in which the brain is violently moved 
within the fluid that supports it within the skull. 
JUDO 
Judo is an art and sports, founded by Jigaro Kano of Japan in 
1882. He took the best of Jujitsu self-defence techniques and 
excluding those that were harmful. IIe modified others so that they 
could be practised safely. Judo uses skill and flexibility for attack and 
defence. Judo is known as "Gentle Way". Strength is of course applied 
more importantly in a rational way. In emergencies, Judo can be a 
form of self-defence (Goldman, 1986). 
Judo may be described as a science for the study of potential 
power of the body and mind and the way of applying them most 
efficiently in competitive activities, Hence, it is involved with the 
study of the laws of gravity, dynamics and mechanics as related to the 
function of human body. Efficiency in Judo is certainly a valuable 
asset, but the real value applied to life in the effects which the training 
produces on the state of the body and mind (Koizumi, 1960). 
Judo was first introduced into Olympic competition in 1964 at 
Tokyo, and it has subsequently become accepted as a high level 
combat sport for both men and women. Judo has significant world 
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wide appeal, both as a recreational club activity, with participants who 
seek a measure of improved physical fitness of an individual, and 
personal pleasure, as well as status as an elite level sport. 
Judo in `wide sense', can be physical culture, in the `narrow sense', a 
sport; as physical culture, it can be an entrance into a special form of 
physical experience of an intrinsic need, an increase of awareness of 
what the body is capable of doing. As a sport, the individual can 
participate in violent competition, experience the conflict of one skill 
opposed to another. As a man-made skill it can develop the bad and 
the good in any personality (Geof, 1988). 
Worldwide judo competitions are sanctioned through the 
International Judo Federation (IJF), an organization with national 
governing body members in most nations of the world. Judo is 
organized as a weight category competition, as larger athletes would 
possess a natural competitive advantage against smaller athletes, given 
the nature of judo and its physical requirements. 
Apparently and understandably, the beginning of judo in India 
is blocked out in mystery. The first written reference to judo coaching 
available in kodokan refers that Gurudev Ravindra Nath Tagore who 
arranged demonstration and coaching of judo at Santiniketan in 1929 
by Mr. Takagaki, a Japanese judo coach in India. Thus unforgettable 
historical union of outstanding personalities in two different fields was 
blessed with the formation of the special poem on judo written by 
none other than Gurudev Ravindra Nath Tagore himself. History also 
reveals that many Indians learned judo and were graded by Kodokan 
before 1929. Despande was the first Indian to be awarded black belt 
(sho-dan) in 1932 and in 1904 five Indian judokas had participated in 
Kodokan. There are evidences that judo was practiced in India before 
1929 also. A.P.S. Barodawala learned judo from two Japanese who 
stayed in Bombay for quite some time and later on got black belt in 
1930. Few years later French expert started coaching in Arvindo 
Ashram, Pondicherry. 
The Judo Federation of India was formed officially in the year 
1965. J.F.I. also formed many state levels Judo associations for proper 
implementation to fulfill the task. These associations had encouraged 
the individual to learn the art of Judo skill. Since one form ofjudo i.e. 
Randori is similar to wresting many wrestlers took interest in judo. 
Females also took the game equally due to its nature of self-defence. 
The first National Judo Championship was held at Hyderabad in 
1966, since then National Judo Championships are regularly being 
organized by J.F.I. Three Japanese Judo experts who contributed 
significantly in training the coaches for India at Netaji Subhas 
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National Institute of sports Patiala. Since 1976 onwards regular 
diploma course in Judo is being conducted at SAI NS NIS Patiala, and 
coaches passing out are playing a major role in promoting Judo in the 
country. Judo was included in All India lntervarsity Competition in 
the year 1985. The first International Competition for Indian team was 
in 1986 Asian games where they got four bronze medals. Thereafter, 
India is continuously dominating in South Asian Judo championship 
and few judo players, viz Sandeep Byala and Narendra Singh 
represented India in Olympic and World Championship also (Singh, 
2008). 
Judo has a standardized ranking system for its participants, 
which may range from children under 10 years of age to persons in 
their 70s and beyond. Athletes are judged on their ability to execute 
various standard throws and holds; the athlete is awarded his judo 
"belt" with the colour of the belt signifying their level of proficiency. 
Black belts are reserved for the masters of the sport, known as dans-a 
tenth level black belt is the highest level ever awarded in judo. The 
award of a belt is not necessarily related with the achievements of 
Olympic or other international competitive achievements. 
Judo is one of the combat sports of high coordination, where 
strength, balance, flexibility and reaction time are employed to create 
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tactical advantages. All judo participants wear an identical uniform, 
the judogi. The competitors wear no other clothing or footwear during 
the course of bout in competition. 
The role objective of competitive judo is to defeat the opponent 
in one of the three ways to successfully throw the opponent onto his 
back; to hold the opponent on his back for a period of 25 seconds; to 
disable the opponent by way of a choke hold or an arm lock that 
prevents his further movement. Judo is the only Olympic sport where 
choking or the potential fractures of an opponent's arm are legal 
techniques. 
Throughout the course of the contest, the j udokas are scored in 
their movements by three judges, one of whom remains on the mat, 
the remaining judges are positioned on the edges of the competitive 
surface. The judges assess not only the raw numerical values of the 
score, but the quality or any impressive aspect of a single manoeuvre. 
Points are also scored through the award of penalty; points are not 
deducted from the offender's score, but added to the opponent's tally. 
As a general rule, a judoka may attempt to knock over the 
competitor by attacking their legs, by sweeping the feet of the 
opponent from under them, or by performing one of the many 
permitted throws. Much of success in judo is built upon the ability of a 
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competitor to execute the desired throw while establishing a low 
centre of gravity through which to move dynamically across the mat. 
Many effective judo moves are also executed in mid-air, and the 
understanding by the judoka of the importance of maintaining a low 
centre of gravity is essential in landing in a stable position. 
The brute strength that athletes often develop through weight 
training may assist in judo, but will never likely be determinative to 
competitive success. Training exercises that emphasize balance and 
coordination movement within which the judokas is able to move 
explosively are the foundation of success in judo. As the body of a 
judoka may be twisted and contorted by the application of opponent 
force during an event, stretching to achieve maximum flexibility and 
range of joint motion are essential to prevent fluid movement and to 
assist in the prevention of injury. 
WRESTLING 
Wrestling is one of the world's oldest forms of athletic 
competition. Many cultures had various forms of wrestling as a 
component of their military preparation. The ancient Olympics 
included wrestling, with the competition first recorded as taking place 
in the Games of 708 BC, Wrestling is hand combat between two 
competitors subject to certain rules, during which each competitor 
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tries to control the movement of the other through the complex 
technical-tactical moves and by using all their physical and 
psychological potential (Petrov, 1987). 
The recognized sport of wrestling is an athletic event, 
sanctioned by the International Federation of Associated Wrestling 
Styles (FILA), and it is included as both an international and Olympic 
competition. 
More than 4000 years ago at the dawn of civilization, we find 
that wrestling was highly developed in Asia and Egypt, then 
introduced in Greece; wrestling was introduced in Rome in the last 
quarter of the second century B.C. Wrestling developed in England in 
an early era. China was the first in which wrestling was introduced 
among the Asian countries, in India history of wrestling can be traced 
as far back as 4000 years B.C. (Dubey, 1964). 
Two ancient documents, the Ramayana and the Mahabaratha 
give accounts of the famous wrestlers of thousands of years ago, the 
art of wrestling seem to have been most popular. During this period 
Hanuman, Jantbuvant, Bhima, Balram, brother of Lord Krishna, were 
very renowned wrestlers and honored as "Master-Mind" of the game. 
Wrestling (maladvandva) sports was mentioned in the Vedas and the 
epics have its origin in the military training. Competitions were held 
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not just as a contest of the players' prowess but also as a means of 
finding a bridegroom. Arjuna, Rama and Siddhartha and Gautama all 
won their consorts in such tournaments. It is not possible to say how 
this game spread in the world and by whom. Wrestling has been in 
existence in India as far back as records go and before that the sport is 
mentioned in the mythology. Wrestling has an unbroken and bright 
tradition from ancient times. In those days, wrestling was considered 
the king of many games. Indian Wrestling can be divided into four 
types: Hanumanti Wrestling, Jambuwanthi Wrestling. Jarasandhi 
Wrestling and Bheemseni Wrestling. 
Wrestling in India was mainly used as a wonderful way to stay 
physically fit. It was also used as a great way of military exercise 
without any weapons. It is also known as 'dangal' which is the basic 
form of a wrestling tournament. Wrestling in India is most famously 
known as Malla-Yuddha. The famous Indian epic, Mahabharata has a 
huge mention about the game of Wrestling in India. During the 
ancient times in India wrestling used to get regular patronage from the 
emperors and kings. It can be divided into two main categories i.e. 
Malta Krida and Malla-Yuddha, While Malta Krida is the sports form 
of the game, Malta-Yuddha is the battle version of wrestling. In indian 
wrestling there are also some other forms, out of which, the free-style 
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varieties are more common than all the other forms, since vedic times. 
The free-style varieties of wrestling are known as Pushti or Kushti. 
In India it has witnessed the rising of several eminent wrestlers, 
so far. The legendary Indian wrestler, Karim Bux became the first 
wrestler to defeat Tom Canon of England in 1892. Another eminent 
Indian wrestler, Gobar Goho became the World Champion in 
Wrestling in Sari Francisco in 1922, by defeating the hook wrestler Ad 
Santel. Gama defeated Zybisko and become world champion in 
Patiala (India) in 1928. The renowned Indian freestyle wrestler, 
Khashaba Dadasaheb Jadav won bronze medal in the 1952 Olympic 
Games. Another eminent Indian wrestler was Salwinder Singh Shinda, 
who won the Chandigarh Kesari Award, for four times. Some of the 
other legendary wrestlers in India include Kikkar Singh, Gulam, 
Rajeev Tornar, Arjuna Awardecs like Anuj Chaudhury and Malkit 
Singh Kanjli. India also hosted the World Wrestling Championship in 
New Delhi in 1967. 
Apart from them, in the recent years, Wrestling in India is 
watching the rising of some wrestlers, who have a high potential to 
revive the dominance of India in the international Wrestling arena. 
The famous Indian wrestler, Sushil Kumar has won Bronze medal in 
2008 Beijing Olympic Games. 
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The wrestling Federation of India (WFI) came into existence in 
1967 and it has been promoting the game in India, since then. Apart 
from that, there is also several state level wrestling associations that 
are working in collaboration with the Wrestling Federation of India 
(WFI) for the management of Wrestling in India. The associations 
present many awards and titles to its wrestlers. Some of the most 
prestigious wrestling titles include the Rustanre-Hind that means 
Wrestling Champion of India, the Rustam-e-Punjab, the Rustam-e- 
Zamana, and the Bharat-Kesri that is given to the best heavyweight 
wrestler of the country. 
Wrestling is a sport involving two athletes engaged in a 
physical competition that is limited to a specified area defined on a 
mat. The general objective of all types of wrestling is one wrestler 
attempts to force the shoulders of the opponent to the floor in a 
prescribed manner. The contest, a bout, is generally two rounds, each 
one of three minutes in duration. A wrestler wins a bout by either 
scoring a fall against the opponent, or by accumulating points through 
the successful execution of various manoeuvres. In wrestling, a referee 
will supervise the contest, and judges positioned near the mat will 
score the progress of the contest. The two different types of wrestling 
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competition are freestyle, in which men and women compete in 
separate divisions and Greeco•Roman. 
Freestyle wrestling is the most popular form of the sport 
throughout the world. In freestyle, the wrestler is permitted to use his 
entire body in the execution of any of the permitted techniques. Holds 
of the opponent, including the use of the legs and the tripping of an 
opponent, are a part of freestyle. The Greco-Roman discipline restricts 
the competitors to holds applied to an opponent from the waist up, and 
the use of the legs to hold or throw the opponent is prohibited. 
In all forms of wrestling, there are a variety of methods in 
which to score against an opponent. When the wrestler places the 
opponent in a position in which the opponent's back is pressed to the 
mat, points are scored. In the course of a manoeuvre that appears to 
have the wrestler in a position of control by the opponent, the wrestler 
will score if he is able to execute an escape from the disadvantageous 
position. A reversal is scored when a wrestler turns a scoring position 
for the opponent into a scoring position for himself. The best-known 
wrestling manoeuvre, a takedown, is when the wrestler takes the 
opponent from a standing position to the mat. 
The Indian style, which is called `catch as catch if u can'. 
Wrestling was first time organized in 1896 at Athens Olympics where 
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Karl Sutchman of Germany became the champion of heavy weight. 
Greco roman style of wrestling is fought above the belt. Hundreds of 
countries take part in both styles during the Olympic Games. So 
whenever history of wrestling is written the name of India should not 
be hidden in this connection. If truthful history be written, the origin 
of wrestling will not be found in a country other than India or 
Aryavrat (the old name of India), (Singh, 1996). 
Wrestling in all of its forms is a demanding and highly athletic 
sport. As with many sports where size of the physique and physical 
strength are important competitive factors, wrestling competitions are 
divided into specific weight categories. Wrestling training must be 
comprehensive to produce a successful athlete, and all of the 
traditional attributes of complete physical fitness are engaged in the 
sport: coordination, endurance, flexibility, speed, power and strength. 
The primal nature of wrestling, and the requirement that a single 
opponent be conquered, also demands the development of a very 
rigorous mental approach to training and competition. 
The foundation of successful wrestling training is the 
development of a strong cardiovascular system. Like boxing, 
wrestling places demands on both the anaerobic energy system, due to 
the short, intense nature of the competition segments, as well as the 
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aerobic system, necessary to facilitate recovery by the athletes. 
Traditional means of developing anaerobic fitness, such as interval 
training, are of great benefit to the wrestler. Most comprehensive 
wrestling programs will ensure that the athlete obtains significant 
aerobic exercise, including running and cycling or the use of cardio 
machines when the athlete wishes to minimize the stress directed onto 
legs, since they are the subject of very pronounced stresses in other 
aspects of training and competition. 
The development of core strength and coordinative abilities is 
perhaps as important to a wrestler as any other physical attribute. 
Successful wrestling techniques apply basic principles of physics, 
especially those relevant to the establishment of leverage, necessary to 
successfully throw an opponent, and the maintenance of a low centre 
of gravity, to ensure stability in all movements. Successful wrestlers 
seek to develop their core strength to permit the maximum utility of 
the muscles of the abdomen, lumbar region, groin, and gluteal area 
with the help of the perfect body coordination. 
A characteristic of all successful wrestlers is the combined 
effect of coordinative abilities specially the rhythmic ability, reaction 
ability, flexibility, balance ability and agility. Wrestling is a dynamic 
sport where the athlete must be able to respond to an opponent's 
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attacks from a variety of physical positions. The rules of wrestling 
permit a multitude of different applications of force in which the 
greater the flexibility and resultant range of motion in the joints with 
coordination of the athlete, the more likely a positive response can be 
made and the less likely an injury will be sustained. 
STATEMENT OF THE PROBLEM 
As the present study was designed to compare the selected 
coordinative abilities of male combative athletes belonging to Uttar 
Pradesh and Uttarakhand state police, the problem therefore was stated 
as "comparative study of selected coordinative abilities of male 
combative athletes belonging to Uttar Pradesh and Uttarakhand state 
police". 
DELIMITATIONS 
1. The study was delimited to the sportsmen of Uttarakhand and 
Uttar Pradesh state police. 
?. The study was delimited to the combative athletes of Judo, 
Boxing and Wrestling only. 
3. The study was further delimited to only the following selected 
coordinative abilities: 
i) Reaction ability 
ii) Orientation ability 
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iii) Differentiation ability 
iv) Balance ability 
vv) Rhythm ability 
LIMITATIONS 
1. Due to the non availability of highly sophisticated and precised 
instruments, the quality of collected data on indigenous 
instruments may be considered as one of the limitations of the 
study. 
2. Variations in climatic conditions of Uttar Pradesh and 
Uttarakhand states may have a bearing on the overall health and 
physical fitness of the subjects of two states which may also be 
considered as a limitation of the study. 
3. Vividness in food habits, daily routine and training schedule of 
the subjects belonging to two states may also be a potential 
limitation of the present study. 
4. Difference in working conditions, nature of duty and duty hours 
of the athletes of two state police forces may also be considered 
as a limitation of the study. 
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HYPOTHESES 
From the scholars understanding of the problem, as gleaned 
through the available literatures and keeping in view the nature of 
study, following null hypotheses have been formulated: 
1. There would be no significant difference among various groups 
of subjects i.e. Judokas, Boxers and Wrestlers on Reaction 
ability. 
2. There would be no significant difference among various groups 
of subjects on Orientation ability. 
3. There would be no significant difference among various groups 
of subjects on Differentiation ability. 
4. There would be no significant difference among various groups 
of subjects on Balance ability. 
5. There would be no significant difference among various groups 
of subjects on Rhythm ability. 
OPERATIONAL DEFINITION AND EXPLANATION OF THE TERMS 
COORDINATIVE ABILITIES 
Coordinative abilities are understood as relatively stabilized and 
generalized pattern of motor control and regulation process. These 
enable the sportsman to do a series of movements with better quality 
and effect (Singh, 1991). 
REACTION ABILITY 
It is the ability to react quickly and effectively to a signal 
(Singh, 1991). 
ORIENTATION ABILITY 
According to (Singh, 1991) it is the ability to determine and 
change the position and movements of the body in time and space in 
relation to a definite field of action. 
DIFFERENTIATION ABILITY 
It is the ability to achieve a high level of fine tuning on harmony 
between various phases of the individual movement and the 
movement of the body parts (Singh, 1991). 
BALANCE ABILITY 
It is the ability to maintain balance during whole body 
movement and to regain the balance quickly after the balance 
disturbing movement (Singh, 199 13. 
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RHYTHM ABILITY 
It is the ability to perceive the externally given rhythm and to 
reproduce it in motor action (Singh, 1991). 
SIGNIFICANCE OF THE STUDY 
The study will contribute in the following ways: 
1. The study may help physical education teachers and coaches to 
select the potential probables of various games and sports on the 
basis of their coordinative abilities. 
2. The study may throw light and open new vistas with regard to 
training implications of coordinative abilities in different sports. 
3. The outcome of the study on selected coordinative abilities will 
be helpful for the athletes and coaches of other games and 
sports in techno-tactical development of the chosen sport. 
4. The selectors may use coordinative abilities as the criterion 
measures while selecting the individuals and the teams for 
higher competitions. 
5. As the coordinative abilities play decisive role in skill 
acquisition, special attention and weightage may be assigned by 
the trainers and coaches for the improvement of coordinative 
abilities. 
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6. The results of the study may be useful in evaluating the degree 
of adaptive changes that are brought out by different sports. 
7. The findings of the study may also help further in analysing the 
extent of coordinative abilities required in combat and other 
sports for enhancing performance. 
8. Results of the study may provide knowledge and clear 
understanding about the specific type of coordinative abilities 
needed for particular sports, which can be determined as the 
predictors of performance at higher levels. 
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CHAPTER-II 
REVIEW OF RELATED LITERATURE 
In order to have proper orientation and for developing 
understanding regarding the research problem in hand, the investigator 
has sincerely reviewed the relevant literature existed in the reputed 
libraries of the country including LN.I.P.E. Gwalior, Punjab 
University Chandigarh and Kurukshetra University Kurukshetra. 
Some of the pioneer works conducted by the imminent scholars have 
been critically reviewed hereunder. 
Ashoke, Shikha and Sudarsan (2010) studied reaction time with 
respect to the nature of stimulus and age of male subjects. A total of 
800 male subjects (50 from each of sixteen age groups) starting from 
five years to seventy years were randomly selected as subjects. Three 
different types of stimuli e.g. visual stimulus, auditory stimulus, and 
tactile stimulus were given to the subjects. Reaction time was 
measured by a multipurpose digital electronic reaction timer capable 
of measuring reaction time for one hundredth part of a second. 
Following conclusions were drawn: 
i). The auditory stimulus produced quicker reaction than both of 
visual and tactile stimuli. 
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ii). The visual stimulus found to be better in producing quicker 
reaction than the tactile stimulus. 
iii). The reaction time decreased with the increase in the age specially 
from 21 to 25years. 
iv). The reaction time became lowest showing quickest reaction 
ability of an Individual during 21-25 years of age. 
Raba, Baraiya and Barad (2010) studied the calisthenics exercises, 
simple game and table tennis sports on hand reaction and eye-hand 
coordination of student of Gujarat Vidhyapith Mahadev Desai Seva 
Mahavidhyalay. The student's age ranges from 18-22 years. The 
fifteen students for callisthenics exercise groups; fifteen students for 
simple games group; fifteen students for table tennis group and fifteen 
students in control group were selected randomly for measuring the 
aforementioned coordinative abilities. The hand—eye test and reaction 
ability test were administered on the subjects. Significant 
improvement in eye- hand coordinative ability and hand reaction 
ability of the players was observed however no significant difference 
was found in eye-hand coordinative ability and hand reaction ability 
of the subjects. 
Ljach and Witkowski (2010) determined the specificity of the 
development and training of coordination skills (CSs) in 1 I to 19 year 
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old soccer players (n = 600). Tests for soccer players' CSs and 
technical skills and one and two year training experiments on targeted 
development of CSs were used. It was found that the period from 11 
to 13 years of age was the most favourable for the development of CSs 
in soccer players, and the period from 14 to 16 years of age was the 
next most favourable. The use of special coordination training aimed 
at development of individual CSs led to a greater improvement, with 
the CS and technical skill parameters of athletes from the 
experimental groups being significantly higher (by 2.5-38.3 and 3.6-
12.2%, respectively) than those of athletes from the control groups 
developing CSs by the traditional method using dexterity exercises. 
Dubey and Mishra (2009) studied the relationship of selected 
coordinative and motor abilities of volleyball players selected from 
Banaras Hindu University, Varanasi. The age of the subjects ranged 
between 18 to 25 years. The variables selected for the study were 
reaction ability, orientation ability, differentiation ability, rhythmic 
ability, in case of coordinative abilities and the variable for motor 
ability are explosive strength, speed, cardiovascular endurance and 
agility. The necessary data on selected coordinative abilities was 
collected by administering various coordinative ability tests as 
suggested by Peter Hurtz (1985) to find out the inter-relationship 
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among these variables. Insignificant inter-relationships were found at 
the coordinative and motor abilities at 0.05 level of significance. 
However, the relationships of orientation ability with difference ability 
and difference ability with agility were only found significant at 0.05 
level of significance. 
Fotiadou (2009) examined the effect of a rhythmic gymnastics 
program on the dynamic balance ability of a group of adults with 
intellectual disability (ID). The sample consisted of 18 adults with ID. 
The control group consisted of 8 adults and an intervention group of 
10. The subjects were assigned to each group according to their desire 
to participate or not in the intervention program. Both groups were 
comparable in terms of age, weight, height, IQ, and socioeconomic 
background. The intervention group received a 12-week rhythmic 
gymnastics program at a frequency of 3 lessons per week, of 45 
minutes. The dynamic balance ability was measured by means of a 
balance deck and determined in seconds. As the results indicated, the 
intervention group showed a statistically significant improvement in 
terms of dynamic balance ability in each interval after the application 
of the rhythmic gymnastics program when compared with the control 
group. It may be concluded that adults with ID can improve their 
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balance ability with the application of a well-designed rhythmic 
gymnastics program. 
Kostic, Duraskovic and Pantelic (2009) explored the relationship 
between the anthropometric characteristics and coordination skills on 
a sample of girls and boys. 91 boys and 85 girls' students of first grade 
elementary school from Nis taken as sample for the study. Horizontal 
jump rope, 20 side steps with a baton, and running and rolling 
instruments were used for the evaluation of coordination skills. A 
multivariate analysis of variance showed that there existed a 
statistically significant difference between the coordination skills of 
the boys and girls. Statistically no significant connection between the 
anthropometric characteristics and coordination skills for the sample 
of boys were found, while there found to be a significant difference in 
case of girls. 
Pandey and Pandey (2009) compaired the coordinative abilities of 
batsmen and bowlers of all India inter- University cricketers i.e. 
Orientation ability, Differentiation ability, Reaction ability, Balance 
ability and Rhythm ability of bowlers and batsmen. N=15 bowlers and 
N=15 batsman, were compared. `t' test was used to analyse the data at 
05 level of significance. The result has indicated that there was no 
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significant difference between bowlers and batsmen on coordinative 
abilities. 
Blazevic, Siric and Matas (2008) conducted a study of factor 
structure of Boxer's basic motor abilities on a sample of 92 boxers 
from Croatian boxing clubs of different weight classes. The system of 
15 basic motor variables was applied with aim to determine their 
factor structure. With appliance of factor analysis (direct oblimin) and 
Kaiser — criteria (.?1.00) for obtaining mutual characteristic roots and 
clarified parts of mutual variance, two latent variables have been 
isolated. The first one was interpreted as regulation of intensity and 
excitation duration and tone regulation whose structure consists of 
variables of explosive strength, repetitive strength and flexibility. The 
second latent variable was interpreted as motion structuring and 
regulation of intensity of excitation since it was defined by body 
coordination variables, frequency speed and one variable of explosive 
strength. Based on matrix of latent variable correlation it was visible 
that there was no statistical significant correlation between isolated 
latent variables which was interpreted as wanted efficacy in boxing 
that is achieved primarily with motor abilities of intensity and tone 
regulation and excitation duration. Research has shown that this latent 
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variable is dominant, but structuring of motion and frequency speed 
were also relevant for elite boxers. 
Panagopoulou, Nakou, Giarmakoulia and Serbezis (2008) studied 
to evaluate the level of motor coordination in early school age 
children. The sample consisted of 150 students (72 boys and 78 girls) 
of ages ranging from 69 to 99 months (M=83.75, SD=7.43), who 
attended the organized educational program of their school and did not 
participate in any exercising program. For the evaluation of motor 
coordination, Koerperk coordination test fuer was used. Two-Way 
Analysis of Variance was applied to examine sex and age impact on 
children's output. The results did not present any statistically 
important interaction of the factors cited above in any of the individual 
tests. Sex factor did not either have statistically important interaction 
in contrast to the age factor that affected to a statistically important all 
the individual tests: balance (F1,146 = 5.36, p<.005), one- leg obstacle 
surmounting (F1,146 = 3.80, p<.005), side jump (F1,146 = 7.99, 
p<.005), side locomotion and object replacement (F(1,146) = 4.35, 
p<0.005) and also in the general index of motor development (F1,146 
= 435, p<.005). 
Sardar, Sardar and Sarkar (2008) compared the coordination 
abilities of football players of different levels of achievement among 
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national, state and distric levels. The subjects randomly selected for 
the study were 90 male football players of different level hailed from 
different places such as Gwalior, Jabalpur, Indore and Bhopal. Their 
age range between 20-25 years. They all were physically fit as well as 
skilfully sound. The test were administered on different play grounds, 
where the required equipments were available. The obtained data were 
analyzed by using LSD for mean comparison on balance ability, 
differentiation ability, orientation ability, reaction ability and rhythmic 
ability. On the basis of the results, balance ability, differentiation 
ability, orientation ability, reaction ability and rhythmic ability were 
different in different levels of football players. (National, State and 
District levels). National and State level football players were found to 
be superior as compared to District level football players on balance 
ability, differentiation ability, orientation ability, however, state and 
national level of football players were found equal on their abilities 
level. Reaction ability and rhythmic ability of football players of all 
three levels were not different. 
Gierczuk and Sadowski (2008) studied the influence of 
coordination training on the index level of coordination motor abilities 
in Greco-Roman Wrestlers aged 13-14 years to explore the influence 
of coordination training on the changes in coordination motor abilities 
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in Greco-Roman wrestlers. Boys practising Greco-Roman wrestling (n 
= 32) in the Student Sports Club IIKS randomly took part in the 
research. Subjects were divided into two groups that were at the same 
sports level: the experimental one (n = 16) and the control one (n = 
16). No significant differences concerning somatic features (body 
mass, height and slenderness indices) were noticed at the beginning 
and at the end of the experiment, the influence of puberty was 
excluded on the obtained results. It was observed that sportsmen 
undergoing coordination training obtained higher values of the 
examined indices of CMA than those from the control group (p < 
0.05). The highest significant increase was noted in the case of 
rhythmization, maintaining body balance and motor adjustment. The 
increase ranged from 12.6% to 27.5% The lowest increase was 
noticed in the case of movement combining, kinesthetic differentiation 
and time-space orientation. In this case the increase ranged between 
4.7% and 7.3%. Statistically significant differences in CMA between 
the experimental and the control group were observed after the 
experiment (p < 0.05). 
Gierczuk (2008) conducted a study on 32 competitors practising 
Greco-Roman and freestyle wrestling. The competitors were 13-14 
years old and their training experience ranged from 1.5 up to 2 years. 
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The objective of the study was to evaluate the level of selected CMA 
indicators in Greco-Roman and freestyle wrestlers as well as to 
establish practical guidelines for further use in coaching programmes. 
The amount of training workload was identical in both wrestling 
groups and totalled 6 hours per week. The evaluation, based on 14 
tests of sports and motor abilities, comprised 7 CMA indicators. In his 
study he found, In most cases no significant differences in the levels 
of the studied CMAs were determined between Greco-Roman and 
freestyle wrestlers however Substantially higher level of motor 
adaptability and static balance were observed in Greco-Roman 
wrestlers, while freestyle wrestlers produced better results in the 
dynamic balance tests and Both groups of wrestlers are characterized 
by individual differentiation in the level of the studied CMAs. The 
highest fluctuation value, and thus large and considerable 
changeability, was observed with respect to the rhythm and quick 
reaction abilities as well as balancing skills. 
Meena (2008) studied the physical fitness, physiological variables 
and co-ordinative ability of basketball players at different levels of 
participation. 120 female basketball players (Districts=40 / 
Colleges=40, State university=40 & National / International level=40) 
were considered as subjects of the study. 	The comprehensive 
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conclusion of the coordinative ability variables indicated in general 
that medium performers group were almost better then the high and 
low performance groups in term of Agility, Rhythmic ability, 
Differentiation ability and shifting ability. 
Ciciroko and Buraczewski (2007) evaluated the level of motor 
coordination abilities among young football players. Twenty two 
football players from elementary school who attended a sports class of 
football and attended trainings regularly took part in the study. Motor 
sports test were carried out in March 2005 during the starting session. 
These tests were conducted during each training unit. Results have 
shown the most significant individual differences in the level of 
development of abilities including: static balance, kinaesthetic 
differentiation of movements and space orientation. The negligible 
differences were also noted in movement combining and speed of 
reaction. There was a marked difference in the level of motor 
coordination abilities dependent on the function performed in the 
game (position). It was noted that goalkeepers have lower level of 
development of motor coordination abilities than players occupying 
other positions on the field. No significant differences were noted 
among players performing on other positions of the field. The role and 
importance of motor coordination abilities in football should be 
47 
directed at the realisation of technical and tactical actions in varied 
conditions and in constantly changing situations and in tasks of all 
team formations. 
Bhardwaj (2007) studied the coordinative abilities and 
physiological characteristics of badminton players of Delhi state at 
different levels. Ninety badminton players, 30 players at each level 
from Delhi state i.e. Senior, Sub junior and junior levels were 
considered as subjects. Variables selected for the purpose of study 
were: reaction ability, orientation ability, differentiation ability, 
balance ability, and rhythm ability. It was concluded that the senior 
level players were better in case of reaction ability, orientation ability 
and rhythm ability whereas in case of differentiation ability junior 
players were found better and in balance ability, sub junior players 
exclude on other two level players. Significant differences were found 
in case of differentiation ability and rhythm ability whereas no 
significant difference was found in case of reaction ability, orientation 
ability and balance ability among different levels of badminton 
players. 
Kohmura, Yoshigi, Sakuraba, Honda and Aoki (2007) tried to find 
out the relationship between kinetic visual acuity and reaction time in 
college students. 18 male college students, mean age: 21.5±2.2 years, 
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participated in this study. Static and kinetic visual acuity and simple 
and choice reaction time were measured. In addition, visual evoked 
potential using pattern reversal stimulus was recorded. These items 
were measured by: KOWA AS-4F (visual functions), Takei Scientific 
Instruments T.K.K.1264b (reaction times), Biopac MPI50, Acq 
Knowledge software, and Biopac ERS100 amplifier (visual evoked 
potential). The results indicated that there was no significant 
correlation between kinetic visual acuity and reaction time. Further, 
there were no significant relationships between reaction time and the 
latencies of visual evoked potential. Therefore it was suggested that 
quick reaction time was not linked to high kinetic visual acuity. 
Portela (2007) examined the contribution of age, gender and 
physical activity on the levels of motor proficiency in learners. The 
subjects (N=366) aged seven years six months to eight years were 
assessed using eight subtests including tasks for running, balance, 
bilateral and upper-limb coordination from the Bruininks-Oseretsky 
Test Batter. There was a significant difference in the relationship 
between girls and boys. Girls fared better in balance and bilateral 
coordination skills while boys outclassed girls in strength and running 
skills (p<.05). The results also indicated a positive correlation 
between increasing age and motor ability in most areas, except for 
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balance which was performed significantly better by younger age 
groups. 
Zarycht and Juras (2007) measured the intra-pair differences in 
performance of monozygotic (MZ) twins, and compared them with 
single- born subjects of the same gender and age. Thirty right-handed 
male subjects aged 21 were divided into two subgroups: monozygotic 
twins subgroup of 6 subjects and a control group of 24 single-born 
subjects. The hand dominance of each subject was established by 
means of a questionnaire (selection from Edinburgh Handedness 
Inventory) and verified by simple motor tasks, Self reported hand 
dominance was also recorded. The level of psychomotor performance 
of each subject was evaluated by the use of chosen tests from the 
computerized Vienna Test System (VTS). The experiment showed 
differences in some aspects of co-ordination between twin and single-
born subjects, with the majority of tasks showing an advantage with 
single-born subjects. The motor control of MZ twins seem to differ 
from single-born subjects in some aspects, and thus, it needs further 
scientific research. 
Machnacz (2006) studied the dynamics of simple and complex 
movement coordination development in children between the age of 7 
and 14 years. Six hundred seventy nine children (285 females and 394 
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mates) gone through the testing procedures included two motor tasks, 
a single simple motor task and a complex one, both evaluated 
electronically against time .Thc main objective was to comparison the 
developmental trends in two distinct movement schemes evoked by 
visual stimuli. The first type of task included single movements of the 
fingers, classified as fine motor coordination, based primarily on the 
eye-hand coordination phenomena. The second type of task included 
gross motor coordination with complex phenomenon. A significant 
relationship was found between age and the time performance of 
considered simple and complex movement schemes. The dynamic 
development of the analyzed motor activities in children between the 
age of 7 and 14 years may indicate that the biological process of 
maturation of particular organs especially the CNS has not been 
completed. 
Bisht (2006) conducted a study on the relationship of selected 
coordinative abilities to shooting performance in hockey. 20 men 
hockey players of match practice group from Lakshmibai National 
Institute of Physical Education, Gwalior were selected as subjects. All 
the subjects were the student of Bachelor and Masters of Physical 
Education courses. The coordinative abilities tests as suggested by 
Peter Hirtz were administered on the subjects. Five motor coordinative 
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abilities namely orientation ability, differentiation ability, reaction 
ability, balance ability and rhythm ability were considered for the 
study. Apart from coordinative abilities, Harban Singh 'Dribble and 
goal shooting test' was also conducted to measure the shooting ability. 
The following conclusions were drawn: 
i) There was no significant relationship found between each of the 
selected coordinative abilities and shooting performance in hockey. 
ii) There existed no significant relationship between orientation 
ability. differentiation ability, balance ability, reaction ability and 
rhythm ability to shooting performance. 
Omer and Huseyin (2006) examine a total of 104 elite male 
soccer players with an average age, height and weight of 21.44 ± 3.32 
years, 174.88 ± 6.82 cm and 69.39 ± 7.61 kg, respectively, 
volunteered to participate in the study to determine the relationship 
between reaction time (auditory and visual) and speed (20-m sprint 
time) in elite male soccer players. Each subject's reaction time and 
speed were measured, and the data were analyzed using Pearson's 
correlation and paired t tests. No meaningful correlations between 
reaction time and speed was observed in the subjects. However, their 
auditory reaction times were significantly better than their visual 
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reaction times, and there was a negative correlation found between 
body weight and speed (p < 0.01). 
Davranche, Burle, Audiffren and Hasbroucq (2006) assessed the 
effects of physical exercise on simple reaction time performance. 
Participants performed a simple reaction time task twice, one time 
during physical exercise and another time without exercise. 
Electromyographic signals were recorded from the thumb of the 
responding hand to fraction reaction time in pre-motor and motor 
time. The results showed that exercise shortened motor time but failed 
to affect pre-motor time. This pattern of findings is consistent with 
previous studies examining the effects of physical exercise on choice 
reaction time. 
Kaur (2005) in her study on 180 subjects made a comparison of 
coordinative abilities of Kho-kho players at different levels of 
participation. Analysis of variance was employed for each test where 
even interaction was found significant. Simple effect test was applied. 
There was a significant difference between various age groups of Kho-
kho players at different levels of participation with regard to Balance 
ability, rhythm ability, orientation ability, differentiation ability, and 
reaction ability. 
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Pollatou, Karadirnou and Gerodimos (2005) examined as to 
whether there existed any differences between boys and girls at the 
age of five concerning their mLlSical aptitude, rhythmic ability and 
performance in gross motor skills. Ninety-five preschool children 
participated in the study (50 girls and 45 boys). The measures used 
were the Primary Measures of Music Audition, the High/ Scope 
Rhythmic Competence Analysis Test and the Gross Motor 
Development test 2. The results revealed no significant gender 
differences in musical aptitude and gross motor skills performance, 
whereas girls outperformed boys in four of the six movements of 
rhythmic ability test. Considering that rhythmic competence is 
strongly inter-related with children's motor coordination, the 
concluding suggestion for the preschool physical education curriculum 
is to incorporate specific rhythmic activities (like Orff, Dalcroze and 
dance) in order to overcome the boys' performance deficiency. 
Sadowski (2005) determined the structure of coordination motor 
abilities (CMA) in different combat sports. The research material 
included highly qualified athletes, coaches and experts of boxing, 
kickboxing, taekwondo, wrestling, karate and fencing. The research 
methods included the analysis of literature, questionnaires and 
interviews. Experimental data related to the identification of the 
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dominant CMA in athletes of taekwondo and kickboxing was obtained 
with the use of the Vienna Test System. Other field and laboratory 
tests were conducted to determine the dominant CMA in male and 
female representatives of taekwondo and kickboxing. Following 
conclusions were made. 
i). The area of CMA of highly qualified athletes representing 
taekwondo and kickboxing includes: motor adjustment, movement 
combining, movement differentiation, time and space orientation, 
speed of reaction, rhythm and balance. 
ii). The structure of CMA in males and females practicing taekwondo is 
specific. The dominant abilities in the structure of CMA of females 
include movement differentiation, rhythm, space orientation and 
speed of reaction while in males these abilities include motor 
adjustment, speed of reaction, space orientation and movement 
differentiation. 
iii). The structure of CMA of highly qualified male and female athletes 
of taekwondo and kickboxing found to be similar. Taekwondo and 
kickboxing develop a similar coordination profile of athletes, yet the 
minor differences in the structure of CMA were dictated by sex and 
not the type of sport discipline. 
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iv). The results of experimental data as well as results of interviews, 
questionnaires and experts opinions determining the dominant CMA 
in combat sports were very identical. It was stated that experimental 
data, especially in females differed significantly from results 
obtained through the analysis of interviews, questionnaires, and 
literature as well as experts and athletes opinions. 
Devi (2005) compared the coordinative ability variables of judo 
and wrestling female players N=35, at college levels at K.U.K. She 
concluded that the Judo players possessed better agility, lateral 
jumping, rhythm ability and differentiation ability. The judokas were 
better on coordinative ability factors as compared to wrestlers. 
Jerzy and Pawel (2004) evaluated the level of chosen 
coordinative abilities in 10 year old boys selected to sport classes in 
the city of Stettin. In all 136 pupils were examined, including 39 that 
consisted the control group. The applied methods were based on 
previously accepted test batteries with high reliability and validity. 
The obtained results indicated significant inter group differences in 
kinesthesia of strength, movement frequency and space orientation. 
No differences were found in tests with regard to sense of balance, 
which most often occur in coordination test batteries. The sense of 
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balance was frequently omitted by experts creating selection criteria 
for particular sport disciplines. 
Kumar (2004) compared the coordinative abilities of Indian 
kabaddi players at different levels of participation. The subject for the 
study were selected from different universities and state of India who 
participated in intervarsity championship in kabaddi. A total of 120 
subjects were selected 40 from each level(Sub-Junior, Junior and 
Senior)the subjects were tested on selected Coordinative abilities: 
reaction ,orientation, differentiation, balance and rhythm abilities, the 
administering of Coordinative abilities tests as suggested by Peter 
Hurtz were employed on the subjects. It was concluded that: 
i. In relation to reaction ability, orientation ability, balance ability 
and rhythm ability, significant difference was found between 
three age groups (sub juniors, juniors and seniors). 
ii. In case of reaction ability, orientation ability, balance ability, 
the sequence of performance between three groups was senior> 
juniors > sub juniors. 
iii. In relation to differentiation ability, insignificant difference was 
found between three age groups, sub juniors, juniors and 
seniors. 
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iv. In case of rhythmic ability the sequence of performance 
between three groups was senior> junior% sub juniors. 
Lima, Tortoza, Rosa and Martins (2004) studied the role of serum 
lactate increases after a 1'30", 3' and 5 combat situations (Randori) in 
the velocity of motor reaction in high level judo competitors. For this 
purpose 11 healthy male competitors, 23.4 ± 2 years old, were 
evaluated. To record the simple reaction time, initially, immediately 
after combat and at the three minutes to rest, the Cybex Reactor 
System was employed. Serum lactate concentrations were measured 
by a portable lactate analyzer (Accusport). Variance analysis 
(Kruskal-Wallis) showed significant differences between serum lactate 
before, immediately after combat and at the three minutes to rest (p < 
0.05) and in the velocity of motor reaction (Cybex Reactor), between 
the number of errors to execute the tests before and after combats (p < 
0.05). A high correlation between the number of errors to execute the 
tests at Cybex Reactor and the lactate concentration (r = 0.9341) was 
observed. However, no significant differences between the motor 
reaction time before and after combats (p > 0.05) were found. The 
results demonstrate that the high serum lactate concentration does not 
affect the motor reaction time in high level judo competitors, indeed it 
suggests that there was a decrease in the reaction efficiency. This fact 
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was demonstrated by the high correlation found between the lactate 
concentrations and the number of errors in the reaction tests, probably 
due to decreases in concentration in judo competitors to stressful 
situations. 
Mynarski and Czapla (2004) studied the factor structure of motor 
abilities in male students. The investigation was conducted on 1150 
students of Polytechnic University in Gliwice aged from 20 to 23 
years. The main aim of the study was to evaluate the structure of 
motor potential. The diagnosis included 20 motor variables and 5 
somatic parameters. During statistical analysis four factors were 
extracted: motor, energetic and coordination, flexibility and somatic. 
Authors underlined weak informative value of coordination tests and 
multilevel structure of motor potential of male students. Following 
conclusions were drown: 
i. Only two typical motor factors may be extracted in this 
research i.e. energetic and coordination ones, what confirms 
generally existing concepts of structure of human motor 
potential. 
ii. Energetic ability factor explains significantly a larger area of 
common variance (29,98%) in comparison to the coordination 
one (3,97%). 
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iii. The flexibility and somatic variables extracted in independent 
factors as predispositions to many abilities probably on the basis 
of measurement specificity. 
iv. The control of motor preparation of adults should include 
specific elements from energetic and informative area of human 
motor potential. 
Edermann, Murray, Mayer and Sagendorf (2004) examined the 
influence of cup stacking on hand-eye coordination and reaction time 
of 24 boys and 18 girls in second grade as measured by the Soda Pop 
and Yardstick tests, respectively. Two physical education classes were 
randomly assigned as treatment and control groups and were pre- and 
post-tested for hand-eye coordination and reaction time. The treatment 
group participated in a 5-week cup-stacking program. Significant 
improvements were noted for both hand-eye coordination and reaction 
time between the pre- and post-test scores for the experimental group 
but not for the control group. Therefore it may be inferred that the cup 
stacking is indeed effective in enhancing hand-eye coordination and 
reaction time. 
Petkovic (2004) studied the relation of situational Motor 
Coordination to the competitive success of female gymnasts. On a 
sample consisting of 58 gymnasts, aged 7 through 9 years, from 8 
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cities in Serbia & Montenegro, a set of 10 predictor variables was 
applied for the purpose of evaluating situational-motor coordination, 
along with a set of 5 criterion variables for the purpose of evaluating 
the female gymnasts' competitive success. By means of the canonical 
corelational analysis. the relations between situational-motor 
coordination and competitive success in sports gymnastics were 
determined. The conclusions have verified that the relations exist 
between situational-motor coordination and the competitive success of 
female gymnasts. 
Meena (2003) compared the coordinative ability of basketball 
players at different levels. Thirty six female basketball players 16 high 
level and 20 low level performance group were the subjects. It was 
concluded that the high performance group was better than low 
performance group. In differentiation ability, the high performance 
group scored better than the low performance group, and in lateral 
movement ability, high performance group also out smarted the low 
performance group. 
Minz (2003) studied the relationship of coordinative abilities to 
performance in badminton. For the purpose of study twelve badminton 
players of B.P.E and M.P.E. were selected from the L.N.I.P.E 
Gvalior. The necessary data for analyzing the relationship was 
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collected by administrating various coordinative ability tests as 
suggested by Peter Hirtz. Mainly five selected coordinative abilities 
namely — orientation ability, differentiation ability, reaction ability, 
balance ability and rhythm ability were considered for the study. Apart 
from coordinative abilities, a performance test was also conducted by 
the researcher and according to the level of performance each player 
out of 12 subjects were assigned the score out of 20 and ranking was 
given accordingly. There was no significant relationship was found 
between selected coordinative abilities and performance in badminton, 
independently or as a whole. The study also indicated that 
development of different selected coordinative abilities may not be 
considered as an essential factor to achieve the best performance by 
badminton players. Further it may be suggested that minimum level of 
fine coordination abilities might be enough for the performance in 
badminton. 
Dey (2002) conducted a study to compare the coordinative abilities 
among different gymnastic ability groups. The subjects were recruited 
randomly during All India Intervarsity Gymnastic Championship held 
at Amritsar in 2001-2002. To find out the significant difference, the 
analysis of variance was employed for drawing the meaningful 
inferences. The result of the study showed significant difference 
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between the level of gymnasts in the reaction ability, whereas the 
orientation ability, differentiation ability, balance ability and rhythm 
ability did not show any significant difference. 
Ghosh (2002) conducted a study to compare the coordinative 
abilities of sprinters and jumpers. Thirty athletes of LNIPE Gwalior 
were selected as subjects for the study. In order to find out the 
significant difference among the athletes of two groups on five 
coordinative abilities `t' ratio \vas computed. Significant difference 
was found between the sprinters and jumpers in reaction and 
orientation ability whereas no significant difference was found 
between sprinters and jumpers in differentiation ability, balance ability 
and rhythm ability. 
Katic, Males and Miletic (2002) studied the effects of six-month 
athletic training on improving motor abilities in 7-year-old School 
girls. Analysis of the results of 12 motor tests showed significant 
improvement in the experimented group (n=38) in comparison with 
control group (n=140) subjected to conventional physical education 
classes only. The improvement referred to the variables of aerobic 
endurance (3-min run), flexibility (forward bow), explosive strength 
(ball throwing and 20-m run), keeping balance (bench standing), static 
strength (bent arm hang), and repetitive strength (sit ups). These are 
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probably adaptive changes brought up by discriminant functions. The 
varimax factor and discriminative function correlations indicated that 
all four factors of changes contributed significantly to the explanation 
of discriminative function. 
Hota (2001) conducted a study on selected coordinative abilities on 
20 male football players studying at L.N.I.P.E. with the purpose to 
find out the relationship of coordinative abilities with performance in 
soccer. The variables selected for the study were orientation ability, 
differentiation ability, reaction ability, balance ability, rhythm ability 
and playing ability. To find out the relationship of coordinative ability 
to soccer playing ability, the collected data's were subjected to 
person's product moment correlation. On the basis of the results 
following conclusion were drawn:- 
i. Coordinative abilities namely orientation ability, reaction ability 
and rhythm ability are significantly related to playing ability. 
ii. Differentiation ability and balance ability were not significantly 
related to playing performance. 
iii. Coordinative ability plays very crucial role in football 
performance. 
Mol (2001) undertook a study to determine relationship of selected 
coordinative abilities to shooting ability in hockey. 20 intervarsity 
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male hockey players of LNIPE Gwalior were selected as subjects for 
the study. To find out significant relationship of coordinative abilities 
to shooting performance, product moment co-relation was employed. 
The analysis of data revealed that there was no significant relationship 
of coordinative abilities to shooting ability. 
Zachopoulou and Mantis (2001) determined the effect of 
rhythmic ability on the performance of motor skills. Fifty subjects, 8-
10 years old, who were trained systematically for playing tennis, 
participated in the research. Before the beginning of the experimental 
procedure, subjects' initial performance in the stability of forehand 
groundstroke in tennis was evaluated. For the rhythmic ability 
assessment, tests were applied for rhythmic accuracy and maintenance 
of rhythm in two rhythm tempos. After the subjects were separated 
into two sub-groups (control and experimental) the experimental 
group participated in rhythm training for a period of 10 weeks. At the 
end of the experimental procedure, the final measurements of 
performance in the motor skills and in the two parameters of rhythmic 
ability were executed. The results showed a statistically significant 
improvement in rhythmic accuracy, in both tempos, as a result of 
rhythm training for the experimental group (p<. 001). Rhythm 
maintenance did not improve. The stability of the forehand 
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groundstroke was substantially improved after the course of rhythm 
training (p<.001). The understanding of this relationship between 
rhythmic ability and motor skills performance seemed particularly 
important specifically at the age during which coordination abilities 
allow the greatest opportunity for improvement. 
Sisodia (2000) conducted a study to determine the effect of 
transcendental mediation programme on selected physiological 
variables and coordinative abilities. Sixty subjects from LNIPE and 
Jiwaji University, Gwalior were selected as subjects for the study. The 
necessary data were collected by administering various coordinative 
ability tests as suggested by Peter I-Iirtz. The significant difference 
between the pre-test and post-test means for the score in each of the 
variables within the group were analysed by `t' test and the 
significance of mean difference between the pre-test and post-test 
scores in each of the criterion variable among the group by employing 
co-variance. Findings have advocated that: 
i. In case of reaction ability, transcendental meditation had 
indicated significant changes in comparison to control group. 
ii. In case of orientation ability, transcendental meditation did not 
improve performance significantly in comparison to the control 
group. 
G. 
iii. Transcendental meditation was found effective in enhancing 
differentiation ability as compared to non-mediators. 
iv. Balance ability improved significantly in experimental group as 
compared to control group. 
v. In case of rhythmic ability, transcendental meditation 
manifested significant improvement as compared to non-
mediators. 
Swata (2000) conducted a cross sectionally study in regard to 
selected coordinative abilities and flexibility test of under graduates of 
LNIPE, Gwalior. Seventy five subjects from each class level of under 
graduation were selected from LNIPE, Gwalior. To find out the 
significant difference the analysis of variance was employed for 
testing the hypothesis at 0.05 level of significance. There existed a 
significant difference among various class levels from I Year till III 
Year in differentiation ability, and no significant difference found 
among the class levels of 1, 11 and 1I1 Year was observed in regard to 
orientation ability. 
Zachopoulou (2000) compared children's rhythmic ability that 
were trained in different sports. Four groups of children participated, 
with a mean age of 9.2 ± 4.8 years old: A tennis group (50 children), a 
basketball group (53 children), a swimming group (52 children) and a 
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control group (52 children). Every child underwent a test for the two 
parameters of rhythmic ability i.e. rhythmic accuracy and rhythm 
maintenance, both in two tempos. The data were treated with a 
multivariate analysis of variance with repeated measures in the last 
factor and with the use of a paired samples t-test. The results showed 
that the tennis group was more accurate than the three other groups. 
Children in the swimming group had the best performance in rhythm 
maintenance, on both tempos. All groups performed better at the fast 
tempo than at the slow tempo, for both parameters of rhythmic ability. 
The differences in rhythmic accuracy and rhythm maintenance for 
both sexes were not statistically significant. 
Neeraj (1999) compared the coordinative ability variables of 
Hand ball and Basket ball female players of Haryana State. A survey 
type study on 40 female players Hand ball=20 and Basketball=20was 
designed to draw the meaningful inferences. Results showed that 
Basketball players had significantly better rhythmic ability, lateral 
movement ability and agility component of coordinative ability as 
compared to the Handball players. 
Sarkar (1999) tested the relationship of co-coordinative abilities 
to shooting performance in soccer on 25 male football players. The 
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findings reveal that there were no significant relationships of 
the coordinative abilities to shooting performance in soccer 
Koley (1999) conducted a study on relationship of 
coordinative abilities to sprinting performance in athletics. The 
result of the study showed that the reaction ability, orientation 
ability and balance ability had significant relationship to sprinting 
performance. 
Rawal (1999) conducted a study to compare the coordinative 
abilities of basketball and handball players. Thirty intervarsity level 
players of basketball and handball were selected from LNIPE, 
Gwalior for the study. The data was collected by administering 
various coordinative ability tests as suggested by Peter Hirtz. To 
find out the significant difference, `t'-raito was employed at 0.05 
level of significance. The results reviled that Basketball and 
Handball players differ significantly in balance ability and reaction 
ability whereas no significant difference was found in two groups on 
orientation ability, differentiation ability and rhythm ability. 
Gautarn (1996) conducted a study to determine relationship of 
coordinative abilities to shooting performance in basketball. 25 
female basketball players of L.N.I.P.E., Gwalior were selected as 
subjects for the study. The necessary data was collected by 
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administering coordinative ability tests as suggested by Peter Hirtz. 
To find significant relationship, product movement correlation was 
employed. The analysis of data revealed that there was no significant 
relationship of coordinative abilities to shooting performance in 
basketball. 
Sharma (1996) in her study used a test battery of eight sub-tests 
to measure coordination ability of the gymnasts. The test battery 
included: Ball roll test, D test, Different station test, Number box run 
test, Beam walk test, Rhythmic walk test, Control kick test and 
Control run test. The reliability of these test items was determined on 
the basis of test retest basis. The obtained reliability coefficient were 
.97 for ball roll test, .67 for different station run test, .97 for beam 
walk test, .92 for rhythm walk test and .76 for control run test. These 
test items were found significantly reliable at 0.05 level of confidence 
and thus, the test battery has been considered reliable. 
Slatar and Hamel (1995) undertook a study to compare reaction 
time measures to visual stimulus and arm movement. The purpose 
of the study was to compare reaction time measures for arm 
displacement and visual stimulus and to compare reaction time 
measures for selected groups of physical education measures 	and 
liberal art measures. Analysis of the data revealed that only a 
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modest relationship existed between the two reaction time existed 
among various groups for both reaction measures. 
Bakshi (1994) conducted a study on two groups of track and 
field athletes and swimmers on coordinative abilities, These 
identical groups were chosen because both the activities 
involved cycle type of movements. Subjects were tested on the 
activities test as suggested by Peter Ilirtz. The subject chosen 
were either of level of inter- collegiate level or of inter-university 
level. It was observed that there was no significant difference in 
coordinative abilities of swimmers and track & field athletes. 
Senan (1994) conducted a study on ninety undergraduate male 
students from Lakshmibai National Institute of Physical Education, 
Gwalior to compare the coordinative abilities of Bachelor of 
Physical Education students of LNIPE, Gwalior. Analysis of 
variance (F-ratio) was applied to determine the significance between 
paired means. It was concluded that orientation ability of first year 
and third year students were better than second year students and in 
differentiation ability and reaction ability, second year students were 
better as compared to other two groups. All three groups had almost 
the same level of balancing ability. In orientation ability, first years 
performed significantly better than second year students and no 
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significant difference between first years and third year students was 
observed on the orientation ability. In case of differentiation ability 
and reaction ability, second year students performed significant 
better than the students of first year and third year and there was no 
significant difference between first year and third year students on 
the said ability. In case of balance ability all the groups 
demonstrated similar ability. 
Waterland and Justel (1994) undertook an investigation to 
explore whether there was a difference in the reaction time of short 
distance and the long distance runners and also to see if there was 
any correlation between speed in running and reaction time. It was 
observed by that there existed a high degree of relationship between 
reaction reaction time and speed in running a short distance. The 
result deducted that the short distance men were faster in speed of 
response as compared to long distance runners who have slowest 
reaction time. 
Kumar (1993) studied the cross section analysis of 
coordinative abilities of boys from 10 to 16 years of age. 240 boys 
with varied age groups of Kendriya Vidyalaya No.1, Gwalior were 
selected as subjects for the study. To find out significant difference 
of means among various groups, analysis of variance (F-ratio) was 
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applied, followed by Scheffe's test of post hoc comparison to 
determine the significance difference between the paired means. The 
analysis of data revealed that variance existed among different age 
groups on different coordinative abilities. 
Reddy (1991) conducted a study on motor behaviour and 
selected coordinative abilities on 60 subjects from government lady 
Noyce secondary school for Deaf, Ferozshah Kotla, New Delhi. A 
research protocol on motor behaviour and selected coordinative 
abilities of deaf and dumb students was designed. The variables 
selected for the study were: Kinaesthetic perception which was 
tested through Distance Perception Test, Bass Kinaesthetic Test, 
Kinaesthetic Test. Accuracy was gauged by overhead throw. In 
order of selected coordinative abilities, three variables were 
selected: balance, rhythm, reaction, `t' test was employed to analyse 
the ratio. On the basis of the result following conclusion were 
drawn:- there was a significant effect of physical education 
programme on kinaesthetic perception of the subjects. The regular 
programme helps the subjects to perceive their body movement, 
developed precision, alertness of mind and body. (2) Accuracy 
improved due to regular involvement in physical activity (3) The 
efficiency of rhythm improved after eight weeks of participation in 
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physical education program. The rhythm was found closely 
associated with balance and kinaesthesia. (4) Reaction scores 
improved due to their participation in physical activities. On the 
whole results showed that the students improved significantly in 
coordinative abilities after their active involvement in physical 
activity programme which comprised of gymnastics, athletics and 
yoga. 
Grainer (1993) studied to determine the precision with which 
the postural stability data generated by the Chattecx Balance System 
could be converted to centre of pressure displacement measurements. 
Fwo men and one woman were selected to represent a broad range of 
body sizes (age=23- 33 years, height =154-1 75 cm, weight =45-80 
kg).The Balance System load cells were placed on a force plate, and 
data were collected simultaneously from the balance system and the 
force plate while the subjects performed standardized postural tasks. 
Linear regression analysis was used to characterize the relationship 
between the estimated centre of pressure from the balance system and 
the calculated centre of pressure from the force plate. Significant 
linear relationships between the centre of pressure estimated from the 
balance system and the centre of pressure calculated from the force 
plate were determined (all R2 values= >.90). 
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Lal, Sabastian and Thomas (1990) compared the coordinative 
abilities of junior India female Basketball and Volleyball players. 
Twenty-one girls who have attended the Junior India volleyball and 
basketball coaching camps were selected as subjects. For 
coordinative abilities test suggested by Peter Hirtz were 
administered on the subjects to evaluate their coordinative abilities. 
The `t' test was employed to determine the mean difference 
different coordinative abilities between volleyball and basketball 
female players. The result showed that the volleyball players have 
better space orientation ability and reaction ability than the 
basketball players. 
Sreejit (1988) studied the psychomotor performance variation 
among players of basketball, volleyball and badminton. The subjects 
were tested on reaction time, speed of arm movement, multilimb 
coordination, arm hand steadiness and finger dexterity. The 
significance of difference in performance among the players of 
different sports on the selected psychomotor variables were analysed 
by means of once way analysis of variance. It was concluded: 
i. That the basketball and volleyball players' exhibit marked 
difference in their hand reaction time; 
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ii. basketball and volleyball players' exhibit marked difference in 
their speed of arm movement but to slightly lesser as 
'compared to hand reaction time and 
iii. basketball, volleyball and badminton players did not exhibit 
any marked difference in their multi limb coordination, arm 
hard steadiness and finger dexterity. 
William (1985) conducted a study on age related changes in 
abilities of children to phase or integrate individual response units 
into coordinated motor skill. The purpose of the study was to 
investigate the age related changes in the abilities of children, to 
phase or integrate individual response units into a coordinative 
motor skill. The experiment includes 40 male subjects who were 
divided equally into four age groups; e.g. 6 years, 9 years, 12 years 
old and Adults. The experimental apparatus consisted of six bottom 
response boards, a small buzzer and various electronic control 
equipments. The result has indicated that there were developments 
differences in phasing abilities but not in the ability to integrate 
response submit. The integration of submits was measured by adjacent 
correlation between movement times, movement speed and pause time 
components. There were no age differences revealed by these 
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correlations. The highest correlations were formed for adjacent pause 
time component. 
Singh(1984) in his study conducted for the assessment of motor 
abilities of India boys aged 10 years to 16 years advocated that the 
agility improves continuously till 15 years, but form 15 years to 16 
years there is a significant decrease. He also reported that the boys of 
Punjab tend to be superior to the boys of other states in agility and 
Indian boys are poorer than the boys of Europe and North America in 
agility. 
Butteher (1983) conducted an experiment on 495 girls and 483 
boys of 2nd class and found that there existed a higher relationship 
between the performance of back stroke and breast stroke in 
swimming however, balance ability, space orientation ability and 
differentiation ability have also a linear correlation of a slightly lower 
degree. 
Dixit (1982) investigated interrelation of reaction time, 
speed of movements and agility and their comparison among 
players from selected sports. Forty eight 48 male college students i.e. 
12 subjects from each selected sports (football, volleyball, kho-kho 
and kabaddi) from Lakshmibai National College of Physical 
Education, Gwalior. She found that on reaction time, agility and 
77 
speed of movement the players from these sports did not differ 
significantly, which may be due to the reason that the selected 
sports put same demand on these motor qualities and involve the 
use of same training method for their development. 
Hirtz (1980) executed a cross-sectional study on 1800 subjects 
of 7 years to 18 years of age and found an intensive development of 
reaction ability between 7 years to 11 years in girls and 8 years to 13 
years in boys. There was a total development of reaction ability in 
girls from 9 years and among boys 31% of the total development 
occur between 10 years to 11 years of age and 20% between 12 years 
to 13 years of age. The girls achieve their optimum level of 
development one to two years earlier than that of' the boys. He also 
reported that intensive development of spatial, kinesthetical and 
differentiation ability takes place between 7 years to 10 years of age 
and temporal differentiation ability between 9 years to 13 years of age. 
Eichorn and Eckert (1978) conducted a study on orientation in 
eye-hand coordination task. Longitudinal data on six eye-hand 
coordination task for children aged 	5 % through 8 % years were 
factor analyzed in terms of functional and structural cognitive 
orientation. The data were collected when the boys and girls, 
followed longitudinally, were 5 %, 6 '/2, 7 %, and 8 V2 years old. All 
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children had previously participated in other phases of the Berkerley 
Growth study. Each was tested alone by familiar examiners in a quiet 
room. The eye-hand coordination tasks were: foam board, Dearborn 
foam boards, needle threading, three hole coordination, bolt and nut, 
and tapping. Means and standard deviation, by sex and age, were 
calculated for all the tasks. Multivariate analysis was performed only 
for three tasks performed by both sexes at all age levels. The data, 
grouped by age and sex, were subjected to Varimax Rotated Factor 
analysis. Sex differences in factor loadings suggested differences in 
orientation, with boys scores loading more frequently on functional 
speed tasks than girls. 
Nail (1978) determined the relationship of balance, speed, 
strength, height, arm and leg strength to success in collegiate 
wrestling. The subjects were classified as successful, average or 
unsuccessful according to their win-loss percentages. A second 
classification was weight (light weight middle weight and heavy 
weight). All subjects were measured for height, arm length leg length 
and tested for reaction time and movement time, static elbow flexion 
strength, explosive leg strength and dynamic balance. Treatment of the 
data by analysis of variance showed no difference among the wrestlers 
in the dynamic balance, explosive leg strength and reaction time. The 
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middle weight group was faster in movement time and reaction time 
than the heavy weight group. The successful wrestlers had better 
balance than the unsuccessful wrestlers. The unsuccessful wrestlers' 
analysis by multiple `R' and regression showed that no combination of 
independent variable was useful in predicating success. 
Winter (1976) concluded from his studies that balance and 
rhythm ability reaches a good level in the early school age. 
Black and Johnson (1975) studied the effect of swimming 
training on reaction time of athletes who were non-swimmers. 
Result of this study indicated the reaction time of college athletes 
was improved during swimming instruction as compared to the 
control group. 
Farrow (1975) investigated motor performance variables for a 
sample population of professional baseball player. Eight motor 
performance variables were selected as valid measure of 
components of professional baseball playing ability were defined as 
(1) running speed, (2) muscular power, (3) depth perception, (4) 
shoulder flexion strength, (5) throwing speed, (6) agility, (7) eye 
hand co-ordination, and (8) reaction time. In addition the athletic 
motivational inventory which measures 13 personality traits were 
administered to each subject. 103 professional baseball players who 
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trained in Florida during 1974 baseball season were selected as 
subjects. Statistical procedures used for analyzing the data were 
percentile rank, one way analysis of variance. It was concluded 
that test battery of vertical jump, eye hand co-ordinations, Illinois's 
agility run, shoulder flexion strength, glace and bat tests, medicine 
ball put, 60 yard dash and throwing speed successfully 
differentiate between players classified on low minor leagues and 
those who are either high minor or overage league players, with 
significant difference in performance favouring the late two 
group. 
Dankart, Dietze and Ludemann (1972) conducted research on 
the rhythmic ability of boys and girls. He found that the rhythmic 
ability develops very rapidly till 13 years among boys and 17 years 
among girls. After this the development tends to show down and may 
be stagnated. The rhythmic achievement of 23 old students may not be 
better than that of the 13 years old boys. 
Schroder (1972) applied motorical tests of complex reaction 
ability and he found that the development of the complex reaction 
ability attains its optimum in early adult i.e.17 years to 23 years. This 
shows that a rapid development in early school age. In boys 
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development goes on with low growth rate. The complex reaction 
ability stagnates in girls before sexual maturity. 
Patrick (1972) conducted a motor fitness test battery for girls in 
lower elementary grede. The items indicated in this test battery were 
Clark's strength composition. Well's sit and reach test, Dodging run. 
Base Lengthwise stick balance and Vertical Jump. It measured the 
essential components of motor fitness such as muscular strength, 
muscular endurance, cardiovascular endurance, flexibility, agility, 
balance and power. 
Burke (1972) examined the effect of stimulus condition and 
direction on reaction time and movement time of closed and open 
skill athletes. The stimulus conditions were simple as well as 
complex, The direction of movement were to the front, the left, 
the right and to the near. 42 closed athletes were gymnasts, cross 
country runners and swimmers, while the 42 open athletes were 
soccer, baseball and basketball players. A significant interaction 
was achieved, between the stimulus condition and direction. 
Researcher concluded that Reaction time and movement time 
measures were faster under complex stimulus conditions and the 
open skill athletes had faster reaction time movement time 
measures than the closed skill athletes. 
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Carlyle (1969) tested fifty Male subjects' aged thirteen and 
fourteen were by on their ability to balance on a stationary base and 
on a moving base. For each subject scores were recorded for 
each of 3 trials on each test. Analysis of the data revealed that for 
each test the gain between the trials I and 3 was significant. All 
possible combinations of scores indicated that there was a marked 
relationship balance on a stationary base and balance on a moving 
base. 
Wyrich (1969) undertook two static balance tasks on 15 
subjects two times a day for fifteen days. To determine the effect of 
that task, height might have upon static balance, one task was raised to 
the height of 4 feet above the ground. The height balance task yielded 
a high temporal stability coefficient (r=0.97) and it was concluded that 
balance performance in general ability was not specific to task height. 
Mulmisur (1967) investigated selected physical 
characteristics of junior Davis cup players and their relation to 
success in tennis. Agility, arm-shoulder coordination, pure speed, 
depth perception, reaction time, movement time, dynamic balance. 
All rebounding, weight and height showed no significant 
correlation with success in tennis for this group. 
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Panhonin (1967) selected 33 college women randomly from 
level beginning classes who were tested in agility, balance, eye hand 
coordination, grip strength, height and arm and shoulder strength. 
The criterion of tennis ability was the combined `t' score from the 
Dyer Test, Broer and Miller Forehand-Backhand test and skill 
rating by three judges. The most economical predictor of tennis 
ability was balance and arm-shoulder grip strength for a 'r' of 62. 
Adding right hand grip strength improved the 'r' slightly although 
the correlations of grip strength and eye-hand coordination with 
tennis ability were not significant. 
Meyers (1967) in his study "retention of balance co-
ordination learning as influenced by extended Lay" took each of 
5 groups of senior high school girls (N=20 per group). The 
subjects were initially given 10 trials on the Bachman Ladder 
Climb Task, and then given a different length of lay-off (10 
minutes, or I day, or I week, or 4 weeks, or 13 weeks) before 
being retested with another 10 trials. No significant loss in 
retention or credence of reminiscence or warn up decrement 
was formed across the lay-off periods. 
Kerr (1966) tested 47 male college students for speed of reaction 
time movement in a knee extension movement of 68°. Each subject 
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took 20 trials, the last 15 trials being only used for the analysis 
presented in this study. In both tests reaction time was found to 
correlate with speed of movement (r=0.538 and 0.629). The two 
correlation coefficients were not found to be significantly different 
from each other. 
Hodgkins (1963) carried out a study on reaction time and 
speed of movement in males and females of various ages 930 men, 
women and children ranging in ages in their speed of reaction and 
movement time. The study revealed that males are faster than 
females both in reaction time and movement, speed of both functions 
increase up to early adulthood and then decreases, peak speed is 
maintained longer by males in movement and by females in 
reaction time, and in majority of group studies no relation existed 
between speed of movement and speed of reaction. 
Clair (1960) divided 100 male students in 2 groups of 50 each 
(athletes and non-athletes=50). The athletes consisted of 10 each 
from basketball, gymnastic, baseball, football players, and 
football. Tests were administered to each subject. The findings 
indicated that performance and agility test were accounted for 
the part, by reaction time, speed of movement, strength balance, 
change of direction (agility) and body size. A significant 
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difference was found between the mean scores of the various 
groups of athletes. 
Jennet (1960) found that performance of agility tests were 
accounted for in part by reaction time, speed of movement, strength, 
balance, change of position, change of direction, and body 
size. A significant difference was found between several mean 
factors scores of the athlete and non-athlete groups but no significant 
differences was found between the mean factor scores for the various 
groups of athletes. 
Lotter (1960) Investigated to determine the inter 
relationship among reaction time and speed of movement in 
different limbs. Two-movement basic to sports skills, modified 
baseball throws and football kicks were studied in 105 college 
athletes of various activities. There was only a moderately high 
correlation between the reaction time ability of right and left legs 
and between right and left arms. Arm verses legs correlation was 
significant but low. A similar pattern of correlation between limbs 
was found for movement specificity. The reliability of 
individual difference was high in all the measures. 
In a research study undertaken by Gross and Thompson (1957) 
to determine the relationship of dynamic balance to the speed and 
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ability in swimming, nineteen factors in motor educability were 
considered. One of the factors listed was balance also. The finding 
of the study indicated that the individual who had better dynamic 
balance can swim faster than those who have poor dynamic balance. 
Wilson (1957) found that when a series of rhythm signals were 
presented with equal probability that any of them might be 
accompanied by a stimulus to react, the average reaction time was 
6% faster than when the signal were non rhythmic. Further, he 
concluded that reaction time is Caster when potential stimuli are 
presented in a rhythm, rather than non-rhythmic series during the 
development of fundamental motor scale at the elementary grade 
level. 
Mohr and Haverstic (1956) studied 102 women students at the 
University of Maryland enrolled in eight week volleyball courses 
who were given repeated volleys test at 3ft. and 7ft., restraining 
lines. The height was measured and they were given tests for 
agility and vertical jumping. Correlations were computed between 
volleys test and other factors. From study of these correlations and the 
significance of the differences a significant relationship was found 
to exist between jumping and volleying at the 3ft. distance. 
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Burley and Anderson (1955) observed that power as 
measured by the jump reach test is closely associated with athletic 
success. They reported that power is more closely associated with 
track, swimming, basketball and baseball than with boxing and 
wrestling, tennis and possibly football. 
Barrow (1954) conducted a study to develop an easily 
administered test for motor ability for college men. Expert opinion 
was used in the validation process and eight factors of motor ability 
and 29 items measuring those factors were chosen. The selected test 
were administered to 222 college men and statistical analysis 
covered items used were: zig-zag running, medicine ball put, 
standing broad jump, 60 yards dash, soft ball throw, wall pass. The 
standard motor ability rating was found. 
Espenschadc and Dable (1953) conducted two studies of 
dynamic balance in adolescent boys. 
It was found that dynamic balance is not related to height or 
weight but correlates substantially with the physical abilities 
important in physical education program. 
Hammel (1953) conducted a study of initial position and total 
body reaction time. sThe variation in body position involved the 
distribution of body weight and the position of the knees. No controls 
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were placed upon the degree of knee bending. The result also suggested 
that: For each weight distribution group, no significant differences were 
found for starting reaction involving the position of the knees. The study 
indicated that most subjects consistently rocked hack on their heels in 
coupling reaction. 
Atwell and Ethel (1948) studied the voluntary or 
involuntary response of individuals to stimuli under various 
conditions. The study was conducted in an attempt to determine 
whether a significant difference in simple reaction time exists 
between age groups of male high school students. In this study 
247 male high school students ranging in age from 14 to 17 
years were used as subjects. "they were divided into their 
respective age groups and tested individually by the same tests for 
speed of hand and body movement in response to stimulus. The data 
were presented in terms of mean scores for age group based upon 7 
trials for each subject for hand response. The coefficients of 
correlation between hand and body response for each group were 
also calculated. It was seen that for the hand response, there was a 
more rapid respons with each successive age group. Also there 
was a variation in response with increase in age. 
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Beise and Virginia (1937) from university of Michigam 
took up a study of relation on reaction time, speed and agility of 
the big muscles group to certain sports skill. Three groups were 
selected for the study. 1st group had 24 subjects selected on 
the basis of demonstrated skills tennis, golf or archery. 2nd 
group comparing 14 subjects selected physical activities (those who 
failed to achieve average skills), 3rd group was selected with those 
students who scored very low on Braces motor test. The group 
consisted of 6 low groups and 8 high groups test was applied. They 
observed significant difference on the test score between skilled 
and non-skilled players. 
Lemon and Sherbon (1934) conducted a study on the 
relationship of certain measures of rhythmic ability and motor 
ability in women. The test of rhythm was administered with 
controlled technique to 100 college women who were selected at 
random from three groups. There was definite although low 
correlation between rhythmic ability and motor ability in college 
women as measured by three tests i.e. Brace scale of motor ability, 
Carl Shashore test of motor rhythm and an original rhythm test. 
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CHAPTER III 
METHODS AND PROCEDURE 
In this chapter selection of subjects, selection of variables, 
criterion measures, collection of data, reliability of data, experimental 
design, procedure for administration of tests and statistical technique 
for the analysis of data have been described. 
SELECTION OF SUBJECTS 
The subjects for this study were selected from the coaching 
camps organized by the Uttarakhand and Uttar Pradesh state police in 
Judo, Boxing and Wrestling with the aim to groom their teams for All 
India Police games. Seventy five players (Judo=25, Boxing=25, 
Wrestling=25) were selected from each game and thus a total number 
of one hundred fifty players were selected from both the states for 
carrying out the present empirical investigation. 
SELECTION OF VARIABLES 
Keeping in view the importance and significant role of specific 
coordinative abilities in combative sports, the following coordinative 
abilities were considered for the present study: 
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Reaction ability 
2. Orientation ability. 
3. Differentiation ability. 
4. Balance ability. 
5. Rhythm ability. 
CRITERION MEASURES 
The criterion measures for testing the specific coordinative abilities 
of the players of three games were the following: 
1. Reaction ability was measured by the ball reaction exercise test and 
was recorded in centimeters as suggested by Hirtz (1985). 
2. The orientation ability was measured by using numbered medicine 
ball run test and was recorded in seconds as suggested by Hirtz 
(1985). 
3. Differentiation ability was measured by using backward medicine 
ball throw test was recorded in number of points as suggested by 
Hirtz (1985). 
4. Balance ability was measured by using long nose test and was 
recorded in seconds as suggested by Hirtz (1985). 
5. Rhythm ability was measured by using sprint at given rhythm test 
and was recorded in seconds as suggested by Hirtz (1985). 
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COLLECTION OF DATA 
The data was collected during the coaching camps organized to 
train the athletes of three combative sports (Judo, Boxing, and 
Wrestling) at Varanasi, Lucknow, Kashipur, Rudrapur, Dehradun and 
Haridwar in 2009. The investigator after obtaining permission from 
the competent authorities i.e. D.I.G. Sports of Uttar-Pradesh and 
Uttrakhand State Police, personally collected the required data with 
the active help of managers and coaches of different sports. The 
managers and coaches allowed their players to serve as subjects for 
the study and encouraged them to cooperate in the process of data 
collection for the study. Before administration of the tests on selected 
coordinative abilities as suggested by Hirtz (1985), necessary 
instructions were given by the researcher himself to the subjects for 
clear understanding regarding the procedure to be followed by them 
during the administration of the tests. 
RELIABILITY OF DATA 
The reliability of data was ensured by establishing the reliability 
of instruments, tester's competency and reliability of the tests in the 
following manner: 
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INSTRUMENTS RELIABILITY 
The instruments used in the study were obtained from standard 
firms which cater to the needs of various research laboratories in India 
and abroad. "These instruments were available at the Department of 
Physical Health and Sports Education, Aligarh Muslim University 
Aligarh and their calibration was accepted as accurate enough for the 
purpose of the study. 
TESTER'S COMPETENCY 
To ensure that the investigator was well versed with the 
technique of conducting the tests, the investigator had a number of 
practice sessions in the testing procedure under the guidance of the 
supervisor and experts. The tester's competency was also evaluated 
together with the reliability of tests. 
RELIABILITY OF TESTS 
Reliability of the tests for the selected coordinative abilities was 
established through 	test-retest method. The 	obtained 	reliability 
coefficient for each coordinative ability has been given in the 
following table-1: 
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TABLE-1:- RELIBILITY CO-EFFICIENT OF TEST-RETEST 
SCORES OF VARIOUS CO-ORDINATIVE ABILITIES 
VARIABLES  JUDO_ BOXING WRESTLING 
Reaction Ability 90 .94 .92 
Orientation 
Ability 88 .86 .  84 
Differentiation 94 .88 .91 Ability  
Rhythmic Abil .89 .87 	 .90 
Balance Ability .87 .88 .91 
*Significant at .01 level 
N=50 
r.01(48)=.3 5 
Since very high correlation ranged between .84 to .94 were 
obtained as depicted in the above table, investigator's competency to 
administer the tests as well as reliability of the tests were established. 
EXPERIMENTAL DESIGN 
A comparative statistical group design was prepared to compare 
the athletes of three combat sports on the specific coordinative 
abilities. Each group was comprised of twenty five players from each 
sport i.e. Judo, Boxing and Wrestling and thus the total number of 
subjects in all six groups (U.P. 3 groups= 75 and Uttarakhand 3 
groups= 75) come to one hundred fifty. 
95 
PROCEDURE FOR THE ADMINISTRATION OF THE TESTS 
The desired data was collected by administering coordinative 
abilities tests following a set procedure as suggested by Hirtz (1985), 
the propounder of the test battery. 
The necessary arrangements for the proper administration of the 
tests were made well before the commencement. The procedures of 
the administration was explained to the subjects and the tests were 
administered by the researcher himself with the assistance of two 
fellow research scholars, who too were well-versed with the procedure 
of administering the test items. The detailed description and procedure 
for administration of each test item have been mentioned in the 
following pages: 
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Test Item 1: Ball Reaction Exercise Test for Measuring Reaction 
Ability 
OBJECTIVE OF THE TEST 
The test was administered to measure the reaction ability of the 
subjects. 
EQUIPMENTS 
1. Two wooden plank each of 4M length 
2. One inflated volleyball. 
3. A supporting stand 
4. Pencil, paper and pad. 
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DESCRIPTION OF THE TEST: 
Two wooden planks of four meters each were kept inclined by a 
supporting stand having a height of one meter and twenty centimeters 
as shown in test item 1 so that it could enable volleyball to roll freely 
from a height of l.20M. The lower ends of the wooden plank were 
kept at a distance of 1.5M away from the starting line outer side of one 
of the plank graduated in centimeters. 
A volleyball was held by the tester at the top of the plank. The 
subjects were asked to stand behind the starting line facing opposite to 
the plank. On the clap, the ball which was held in both the hands by 
the subject was stopped on a signal. Each subject was given practice 
trial before actual commencement of the test. 
Instructions- The subjects were instructed that: 
a) The ball should be stopped with both hands. 
b) The ball should not be pushed upward while stopping. 
Scoring :- The score was the distance measured in centimeters from 
the top of the plank to a point where the subject stopped the ball. Two 
trials were given to each subject and the best one was recorded as the 
score of the subject. 
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Test Item 2: Numbered Medicine Ball Run Test for Measuring 
Orientation Ability 
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OBJECTIVE OF THE TEST 
The objective of the present test was to determine orientation 
ability of the subjects. 
EQUIPMENTS 
1. Five medicine ball weighing 3 kg. 
2. One medicine ball weighing 4 kg. 
3. Stop watch. 
4. Clapper. 
5. Pencil, papers and pad. 
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DESCRIPTION OF THE TEST 
All the medicine balls weighing 3 kg were arranged on an even 
ground in a semicircle as shown in the test item 2. The sixth medicine 
ball weighing 4 kg was kept 3m away from these medicine balls. 
Behind all the medicine balls of 3 kg weight, weight metallic 
numbered plates (1-5) of I sq. foot size were kept. Before the start of 
the test the subjects were asked to stand behind the sixth medicine ball 
facing towards the opposite direction. On signal, the subjects turned 
and ran towards the number called by the tester and touches the 
medicine ball and ran back to touch the sixth medicine ball following 
which another number was called immediately. A total of three 
numbers were called by the tester and the subjects performed 
accordingly. Before the actual test was administered, one chance for 
practice was given to all the subjects to make the subjects familiar 
with the procedure of the test. 
SCORING 
The time taken to complete the course was recorded in seconds. 
Two trials were given to each subject and the better one was 
considered as final score. 
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Test Item 3: Long Nose Test for Measuring Balance Ability 
MEDICINE BALL (2 Kg.) 
Z 
Z 
1.5m 
N 1 
BALANCE BEAM 
OBJECTIVE OF THE TEST 
The test was administered to measure the balance ability of 
subjects. 
EQUIPMENTS 
1. Balance Beam 
2. One medicine ball weighing 2 kg 
3. Five medicine halls weighing 1 kg. 
4. Stop watch 
5. Pencil, paper and pad. 
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DESCRIPTION OF THE TEST 
A balancing beam of standard size was kept on the floor one 
and half meter away from the starting line. The subjects were asked to 
stand behind the starting line with one kg medicine ball on the palm of 
his strong hand fully stretched inward and the other hand holding the 
opposite earlobe. On clap signal the subject move over balancing 
beam towards the 2 kg medicine ball which was kept at the other end 
of the beam, push down the medicine ball with any of the foot and 
reach back to the starting line as early as possible without losing the 
balance. 
Instructions- The subjects were instructed that: 
a) The arm with which the ball is carried should be kept straight. 
b) The medicine ball kept on the balancing beam below should be 
rolled down below with either foot. 
SCORING 
Only one chance was given to each subject. The time taken in 
seconds to complete the course was taken as the score. At the same 
time the subjects who failed to complete the task, were not given 
further trial and no score was awarded to them. 
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Test Item 4: Sprint at given Rhythm Test for Measuring Rhythm 
Ability 
3C m 
5m WQOOO Sm i 
LL 
10m--+w--10m 
OBJECTIVE OF THE TEST 
The test was administered to determine the rhythm ability of 
subjects. 
EQUIPMENTS 
1. Element gymnastic hoops each 1 inch in diameter. 
2. One stop watch 
3. One measuring tape. 
4. Pencil. Pen, paper and pad 
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DESCRIPTION OF THE TEST:- 
In the first attempt of the test the subjects made to run a distance 
of 30 meters with maximum sprinting speed marked between two 
lines. The sprinting time of the subject was taken by stop watch. In the 
second attempt the subject had to run at a particular rhythm with 
maximum speed through even hoops, which were arranged 
systematically. Three hoops were kept in a sequence adjacent to each 
other at the distance of 5 meters away from the starting line. Similarly 
three hoops were kept at the distance of 5meters from the finishing 
line. Five more hoops were kept in a sequence in the middle of the 
running distance. The subjects ran through three hoops between each 
of them adjusting to new self rhythm research scholar. Each subject 
was allowed one trial run before they performed the actual test. 
SCORING:- 
The difference between the timing of first and second attempts was 
considered as the score of the subject. 
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Test Item 5: Backward Medicine Ball Throw Test for 
Differentiation Ability 
GYMNASTIC MAT (3 X 66 
CIRCLE 
(IOcm vodka) 
MEDICINE 
2 
STARTING 
UNE 
OBJECTIVE OF THE TEST 
The test was administered to assess the differentiation ability of 
the subjects. 
EQUIPMENTS 
1. A gymnastic mat size 3 x 6. 
?. One medicine ball weighing 2 kg. 
3. Five medicine ball weighing 1 kg each. 
4. Pencil, paper and pad. 
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DESCRIPTION: 
A gymnastic mat was kept 2 meters away from the starting line. 
A circle of 40 cm radius was drawn in the middle of the mat and a 
medicine ball of 2 kg was kept at the centre of the circle. The subjects 
were asked to stand behind the starting line facing the opposite 
direction. They were asked to throw five medicine balls (1 kg. each) 
one by one over the head to hit the 2 kg ball kept on the mat by using 
both the hands. One practice trial was given to all the subjects. 
Instructions- The subjects were asked to strictly follow the following 
procedure: 
a) Only overhead throws were permitted. 
b) The subjects were not allowed to look back. 
Scoring- The points were awarded on the following formulae: 
i) Medicine ball touches the mat — I point. 
ii) Medicine ball touches the circle line — 2 points. 
iii) Medicine ball inside the circle —3 points. 
iv) Medicine ball touches the 2 kg medicine ball — 4 points. 
Points were decided considering the 1'` pitch of the ball. The 
score of the individual was the total point scored in all the five throws. 
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STATISTICAL TECHNIQUE FOR THE ANALYSIS OF DATA 
In order to explore the differences among the groups of subjects 
on selected coordinative abilities, one way analysis of variance 
(ANOVA) was employed. Scheffe's Post hoc test was also used where 
the obtained `F' ratio was significant. The results thus obtained have 
been presented with the help of tables and figures in the following 
chapter. 
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AnaCysis of Data and 
cR,csuCts of the Study 
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CHAPTER- IV 
ANALYSIS OF DATA AND RESULTS OF THE STUDY 
The statistical analysis of the data and the obtained results 
thereon have been presented in this chapter. The data regarding 
selected coordinative abilities (Reaction ability, Orientation ability, 
Differentiation ability, Balance ability and Rhythm ability) were 
collected on 150 male Combative Athletes belonging to Uttar Pradesh 
& Uttarakhand State Police. The subjects of two states were divided in 
six groups i.e. Judokas group-25, Boxers group=25, Wrestlers 
group 25 belonging to Uttarakhand state police and Judokas 
group 25, Boxers group=25 & Wrestlers group=25 belonging to 
Uttar-Pradesh. Thus, for each sport group twenty five subjects were 
considered for making comparison on the selected coordinative 
abilities. At first instance the obtained data was statistically treated 
computing Mean and Standard Deviation of all the selected 
coordinative abilities of the experimental groups for determining their 
status. Thereafter Analysis of variance (ANOVA) was employed for 
exploring the differences among the experimental groups with regard 
to selected coordinative abilities. Scheffe's Post hoe test was also 
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applied wherever F ratio was found significant. The results have been 
presented in the following tables and figures in two sections: 
Section one deals with the profiles of various groups of subjects 
on selected coordinative abilities. Section two deals with the results of 
Analysis of Variance with regard to the groups of subjects belonging 
to three combative sports. 
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Table-2: Showing Mean and standard deviation of coordinative abilities among the Judokas, Boxers and Wrestlers 
of Uttarakhand and Uttar-Pradesh Police teams 
Selected 	JUK 	RUK 	WUK 	JUP 	BOP 	MW 
S,No. Coordenative 
Abilities 	Mean SD Mean SD Mean SD Mean, SD Mean SD Mean SD 
1 	Reaction 	- - - - 	- - 	- - 
Mea  
 
Abilit 	157.16 12.68 168.84 17,25 14652 10.58 160.69 12.62 151.00 16.69 14942 
8.50, 
Orientation 4 
2 	Ability 	8.00 0.60 7,03. 0.74 6.09 1.04 7,85 0.57 7.86 0.83 6.15 1,0() 
Differentiation 	 1 
Ability 14.12 2.66 10.1L 2.97 10,16 3.4? 8.56 2.25 9.40 78 9.11 2.
77 
Balance 
4 	A6ili(v 	9,59 1 0,29 	9.94 	0.43 	9.95 	654 	953 	035 	10.12 0.51 	10.03 0.47 
Rhythmic 
S 	~~~,95 	936 0.91 0.4i 0.93 0.46 7,75 33 ~9 125 0.39 0,97 010 
4bifity 
Abbreviations; ,IUK=Judokas of Uuarakhand, BCK-Bo»ers of Unarakhand, WUK-wrestlers of Utlanikh3nd, JUP=Judokas of Uttar-Pradesh, 
BUP=Boxers ofUttar-Pradesh. WUP Wrestlers of Uttar-Pradesh. 
SECTION-ONE 
It may be seen in the above table (2) that except differentiation 
and rhythmic abilities, all the three groups of combative athletes 
belonging to Uttar Pradesh and Uttarakhand considerably differ in 
regard to reaction, orientation, and balance abilities. The obtained 
results have clearly revealed that while the Judokas and wrestlers of 
Uttar Pradesh were found better on reaction ability, the boxers of 
Uttarakhand possessed better reaction ability as compared to the 
boxers of Uttar Pradesh state police. 
Similarly on orientation ability, the boxers and wrestlers of 
Uttar Pradesh scored higher as observed through the mean scores 
except the judokas of Uttarakhand who scored better as against the 
judokas of Uttar Pradesh police on this ability. As far as the rhythmic 
ability was concerned, the athletes of all the three groups (judo, 
boxing and wrestling) of Uttar Pradesh police outclassed their 
counterpart players of three groups of Uttarakhand police. 
SECTION- TWO 
This section deals with the Analysis of Variance computed to explore 
significant difference among the experimental groups of subjects with 
regard to selected coordinative abilities. 
ANALYSIS OF VARIANCE WITH REGARD TO REACTION 
In order to explore the differences among six groups of subjects 
belonging to Uttarakhand and Uttar Pradesh on Reaction Ability, 
analysis of variance was computed and the obtained results have been 
presented in Table -3. 
Table-3: Analysis of variance with regard to Reaction ability 
among the subjects of six experimental groups 
Source of d f  Sum of Mean 	F-value Variation Square Square 
With in 
Group  5 8707.66 	1741.53 * 9.66 Between 144 25949.60 	1$0.20 Groups 
*Significant at 0.05 level 	 F 05 (5,144) = 2.27 
It is depicted from the above table 3 that the obtained value of 
`F' ratio= 9.66 of reaction ability has been found significant at 0.05 
level as it is greater than the tabulated `F' value= 2.27. It has revealed 
that there existed significant difference among various groups on 
reaction ability. Further the least significant difference (LSD) test was 
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applied to find out the differences among the means of various 
experimental groups. The results have been presented in the following 
table: 
Table:-4 Least significant difference (LSD) with regard to 
Reaction ability of various experimental groups. 
Mean values showing the magnitude of 
differences on Reaction ability among the 
groups 
JUK JUP WUK WUPUB   I BUK 
157.16 160.60  
	
157.16 	146.52 
157.16 1 	 149.12 i 
157.16 
157.16 
160.60 146.52 
160.60 
160.60 
160.60 
146.52' 149.12' 
146.52 	151 
146.52 
149.12 151 
149.12 
151 
*significant at .05 level 
151 
168.84 
149.12 
151 
168.84 
Mean 	Critical 
Difference Differences 
03.44 
10.64* 
08.04* 
06.16 
11.68* 
14.08* 
11.48* 
	
7.44 
09.60* 
08.24* 
02.60 
04.48 
22.32* 
01.88 
19.72* 
17.84* 
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Figure 4: Graphical presentation of difference on Reaction ability 
among the groups of subjects. 
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It can be evident from table & figure 4 that there was significant 
difference on reaction ability between the groups of Judokas and 
Wrestlers of Uttarakhand, Judokas of Uttarakhand and Wrestlers of 
Uttar Pradesh, Judokas and Boxers of Uttarakhand, Judokas of Uttar 
Pradesh and Wrestlers of Uttarakhand. Judokas and Wrestlers of Uttar 
Pradesh, Judokas and Boxers of Uttar Pradesh, Judokas of Uttar 
Pradesh and Boxers of Uttarakhand, Wrestlers and Boxers of 
Uttarakhand, Wrestlers of Uttar Pradesh and Boxers of Uttarakhand 
and Boxers of Uttarakhand and Uttar Pradesh. 
I lowever, the insignificant differences on reaction abilities 
were observed between the groups of Judokas of Uttarakhand and 
Uttar Pradesh, Judokas of Uttarakhand and Boxers of Uttar Pradesh, 
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Wrestlers of Uttarakhand and Uttar Pradesh, Wrestlers of Uttarakhand 
and Boxers of Uttar Pradesh, Boxers and Wrestlers of Uttar Pradesh at 
.05 level of significance. 
ANALYSIS OF VARIANCE WITH REGARD TO 
ORIENTATION ABILITY 
In order to explore the differences among six groups of subjects 
belonging to Uttarakhand and Uttar Pradesh on Orientation Ability, 
analysis of variance was computed and the obtained results have been 
presented in Table —5. 
Table-5: Analysis of variance with regard to Orientation ability 
among the subjects of six experimental groups 
Source of Sum of Mean df  F- value Variation 	 Square Square 
With in 5 96.72 19.34 Group  28.44* I Between 144 97.94 0.68 Groups 
*Significant at 0.05 level 	 F,o5 (5,144) = 2.27 
Table 5 has shown the differences among six groups of 
Combative Athletes on their Orientation Ability. The obtained `F' 
value of analysis of variance which was computed to findout the 
difference on orientation ability among the groups has shown that the 
obtained `F' value— 28.44 found to be highly significant as it is greater 
than the tabulated F.05 value= 2.27, which clearly indicated that there 
ii? 
existed significant differences among the groups of subjects on 
orientation ability. 
Since the value of one way analysis of variance (28.44) was 
found significant in regard to Orientation Ability, the least significant 
difference (LSD) test was applied to exactly find out the degree of 
differences amongst various experimental groups. The results have 
been presented in the following table: 
Table:-6 Least significant difference (LSD) with regard to 
Orientation Ability of various experimental groups. 
Mean values showing the magnitude of 	Mean 	Critical 
differences on Orientation ability among Difference Differences 
the groups 
8.00 7.85 0.15 
8.00 6.09 1.91* 
8.00 6.15 1.85* 
8.00 7.03 0.97* 
8.00 7.86 0.14 
7.85 6.09 1,85* 
7.85 6.15 1.70* 
7.85 7.03 0.82* 
7.85 7.86 0.01 
6.09 6,15 0.06 
6.09 7.03 0.94* 
6.09 I 7.86 1.77* 
6.15 7.03 0.88* 
6.15 7.86 1.71 * 
7.03 7.86 0.83* 
*significant at .05 level 
0.45 
Figure-6 Graphical presentation of difference on Orientation 
Ability among the groups of subjects. 
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It can be evident from table & figure 6 that there was a 
significant difference on orientation ability between the groups of 
Judokas and Wrestlers of Uttarakhand. Judokas of Uttarakhand and 
Wrestlers of Uttar Pradesh, Judokas and Boxers of Uttarakhand, 
Judokas of Uttar Pradesh and Wrestlers of Uttarakhand, Judokas and 
Wrestlers of Uttar Pradesh, Judokas of Uttar Pradesh and Boxers of 
Uttarakhand. Wrestlers and Boxers of Uttarakhand, Wrestlers of 
Uttarakhand and Boxers of Uttar Pradesh, Wrestlers of Uttar Pradesh 
and Boxers of' Uttarakhand, Wrestlers and Boxers of Uttar Pradesh, 
Boxers of Uttarakhand and Uttar Pradesh. 
However, insignificant differences on orientation abilities were 
observed between the groups of Judokas of' Uttarakhand and Uttar 
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Pradesh, Judokas of Uttarakhand and Boxers of Uttar Pradesh, 
Judokas and Boxers of Uttar Pradesh, Wrestlers of Uttarakhand and 
Uttar Pradesh, at 0.05 level of significance as suggested by mean 
values of various experimental groups. 
ANALYSIS OF VARIANCE WITH REGARD TO 
DIFFERENTIATION ABILITY 
In order to explore the differences among six groups of subjects 
belonging to Uttarakhand and Uttar Pradesh on Differentiation 
Ability, analysis of variance was computed and the obtained results 
have been presented in Table-7. 
Table-7: Analysis of variance with regard to Differentiation 
ability among the subjects of six experimental groups 
Source of 
Variation df Sum of Mean F- value 
square square 
With in 5 55.10 11.02 
Group 1.37 
Between 144 	1157.44 8.03 
Groups 
Insignificant at 0.05 level 	 F 05 (5,144) = 2.27 
To observe the differences among the six groups of subjects on 
their Differentiation Ability, analysis of variance was used and results 
pertaining to them have been presented in Table -7. It can be seen that 
the calculated 'F' value 1.37 is lesser than Tabulated `F' value= 2.27. 
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Thus, no significant difference on differentiation ability among the six 
experimental groups was found. 
ANALYSIS OF VARIANCE WITH REGARD TO BALANCE 
ABILITY 
In order to explore the differences among six groups of subjects 
belonging to Uttarakhand and Uttar Pradesh on Balance Ability, 
analysis of variance was computed and the obtained results have been 
presented in Table-8. 
Table-8: Analysis of variance with regard to Balance ability 
among the subjects of six experimental groups 
Source of  
Variation 
Sum of 
 Sire 
I 	Mean 
Sqre F- value 
With in 5 7.23 	1.44 Group  
7'20*  Between 
Groups 144 29.04 0.20 
*Significant at 0.05 level 	 F.05 (5,144) = 2.27 
To observe the differences among the six experimental groups 
of subjects on Balance Ability, analysis of variance was computed. It 
may be seen from the above Table -8 that the calculated `F' value 7.2 
was greater than the tabulated `F' value= 2.27 which is significant at 
.05 level. Further the least significance difference test (LSD) was 
applied to find out the mean differences among the experimental 
groups and the results have been presented in the following Table and 
Figures-9: 
Table:-9 Least significant difference (LSD) with regard to Balance 
Ability of various experimental groups. 
Mean values showing the magnitude of F  Mean 	Critical 
differences on Balance ability among the Difference Differences 
- 	groups 
JUK JUP WUK WUP BUK BUP 
9.59 9.53 , 	 0.06 
9.59 	9.95 	 0.36* 
9.59 	I 	 10.03 	 0.44* 
9.59 9.94 	0.35* 
9.59 	 10.12 	053* 
9.53 9.95 	 0.42* 
9.53 	10.03 	 0.50* 	0.24 
9.53 9.94 	0.41* 
9.53 	 10.12 	0.59* 
9.95 	 0.08 
9.95 10.03 9.94 	 0.01 
9.95 	 10.12 	0.17 
9.94 	 0.09 
10.03 	10.12 	0.09 
10.03 9.94 10.12 0.18 
*significant at .05 level 
Figure-9 Graphical presentation of difference on Balance Ability 
among the groups of subjects. 
BALANCE ABILITY 
10.2 
10.1 I 10  9.9 9.8 9.7 
ii I 	I 9.6 9.5 9.4 9.3 9.2 
JUK 	JUP 	WUK 	WUP 	BUK 	BUP 
IN SECONDS 
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It can be evident from table & figure 9 that there was significant 
difference on balance ability among the groups of Judokas and 
Wrestlers of Uttarakhand, Judokas of Uttarakhand and Wrestlers of 
Uttar Pradesh, Judokas and Boxers of Uttarakhand, Judokas of 
Uttarakhand and Boxers of Uttar Pradesh, Judokas of Uttar Pradesh 
and Wrestlers of Uttarakhand, Judokas and Wrestlers of Uttar Pradesh, 
Judokas of Uttar Pradesh and Boxers of Uttarakhand, Judokas and 
Boxers of Uttar Pradesh. 
However, no significant differences on balance ability were 
observed at .05 level between the groups of Judokas of Uttarakhand 
and Uttar Pradesh, Wrestlers of Uttarakhand and Uttar Pradesh, 
Wrestlers and Boxers of Uttarakhand, Wrestlers of Uttarakhand and 
Boxers of Uttar Pradesh, Wrestlers of Uttar Pradesh and Boxers of 
Uttarakhand, Wrestlers and Boxers of Uttar Pradesh, Boxers of 
Uttarakhand and Uttar Pradesh. 
ANALYSIS OF VARIANCE WITH REGARD TO RHYTHMIC 
ABILITY 
In order to explore the differences among six groups of subjects 
belonging to Uttarakhand and Uttar Pradesh on Rhythmic Ability, 
analysis of variance was computed and the obtained results have been 
presented in Table:-l0. 
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Table-f0: Analysis of variance with regard to Rhythmic ability 
among the subjects of six experimental groups 
Source of  Sum of 	Mean F- value Variation Square 	Square 
With in 	5 949.52 189.90 Group 1.00 Between 144 27108.02 188.25 Groups 
insignificant at 0.05 level 	 F,os (5,144) = 2.27 
It is depicted from table-10 that the calculated `F' value= 1.00 is 
lesser than the Tabulated `F' value= 2.27. Thus, no significant 
difference among the combative athletes of six groups was found at 
05 level of significance. 
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RESULTS AND DISCUSSION 
As far as the results of present empirical investigation are 
concerned most of the groups of subjects have shown significant 
difference on reaction ability. Judokas and Wrestlers of Uttarakhand, 
Judokas of Uttarakhand and Wrestlers of Uttar Pradesh, Judokas and 
Boxers of Uttarakhand, Judokas of Uttar Pradesh and Wrestlers of 
Uttarakhand, Judokas and Wrestlers of Uttar Pradesh, Judokas and 
Boxers of Uttar Pradesh, Judokas of Uttar Pradesh and Boxers of 
Uttarakhand. Wrestlers and Boxers of Uttarakhand, Wrestlers of Uttar 
Pradesh and Boxers of Uttarakhand and Boxers of Uttorakhand and 
Uttar Pradesh significantly differ with each other. In Judo, Boxing and 
Wrestling tactically quick reaction during the course of combat is 
required in order to foil the attack of the opponents as well as to 
outsmart the opponent athletes within no time. In our study although 
the most of the combative athletes of three games have been reported 
to possess good reaction ability but still with some variations which 
seemed to be due to the nature of movements involved in three 
different combative sports. the study has revealed that the wrestlers of 
both the states possess best reaction ability followed by Boxers of 
Uttar Pradesh, Judokas of Uttarakhand and Uttar Pradesh. The Boxers 
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of Uttarakhand reported to have least reaction ability when compared 
to other groups of combative athletes. The results of the study have 
revealed that the wrestlers of both the states have better reaction as 
compare to judokas and boxers. The reaction ability largely depends 
upon the degree of complexity of the movement and the reaction 
required (Singh, 1991), As in all three combative sports the nature of 
movement are complexed, wherein there always remain uncertainty 
about the tactical moves of sports person. In such a situation prolong 
experiences together with anticipation immensely contribute to 
quicker reaction time further move. The wrestling, boxing and judo 
belong to the group of combat sports which are divided into different 
weight category i.e. light weight, medium weight and heavy weight, it 
has usually been observed that the sports person with light weight 
found to be quicker in reaction ability as against those who have 
medium or heavy weight because of their lower body mass and the 
cross sectional area of the muscles. It seemed that both the state where 
majority of the wrestlers wherein the light weight category they were 
better in reaction ability as compare to judokas and boxers who 
belonged to medium and heavy weight category. Possibly as these 
wrestlers developed good anticipation due to long experience and 
frequent exposures to competitions, their good anticipation might have 
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also contributed to their better reaction ability. The findings of the 
present study are in agreement with the results of Kumar (2004) who 
conducted a study on coordinative abilities of Indian kabaddi players 
at different levels of participation wherein he observed significant 
difference among, sub junior, junior and senior level Kabaddi players 
on reaction ability. 
Contrary to the above, insignificant differences were found 
among six different combat groups of athletes in relation to reaction 
ability including Judokas of Uttarakhand and Uttar Pradesh, Judokas 
of Uttarakhand and Boxers of Uttar Pradesh, Wrestlers of Uttarakhand 
and Uttar Pradesh, Wrestlers of Uttarakhand and Boxers of Uttar 
Pradesh, Boxers and Wrestlers of Uttar Pradesh, Sardar, Sardar and 
Sarkar (2008) have also found similar trend on coordination abilities 
among football players reporting no significant difference among 
three levels of national football players in respect to their reaction 
ability. 
Hence, our hypothesis that there would be no significant 
difference on reaction ability among various groups of subjects has 
been largely rejected and partially accepted. 
On balance ability Judokas and Wrestlers of Uttarakhand, 
Judokas of Uttarakhand and Wrestlers of Uttar Pradesh, Judokas and 
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Boxers of Uttarakhand, Judokas of Uttarakhand and Boxers of Uttar 
Pradesh, Judokas of Uttar Pradesh and Wrestlers of Uttarakhand, 
Judokas and Wrestlers of Uttar Pradesh, Judokas of Uttar Pradesh and 
Boxers of Uttarakhand, Judokas and Boxers of Uttar Pradesh also 
significantly differed. As the most of the games and sports involved 
dynamic movements, losing and gaining balance is a continual process 
throughout the activity. The athletes after losing balance quickly try to 
regain it for next successive action in combative sports. Combative 
sports are not an acceptation to it, in Judo, Boxing and Wrestling 
utmost level of balance is required not only for successfully attacks of 
the opponents but also to defence oneself at time, Hence, both in 
attacks and defence high level balance ability play a decisive role. In 
the present study it has been found that the combative athletes of all 
three sports have good balance ability but with some variations in 
magnitude. Our results advocated that the Judokas of Uttar Pradesh 
took leads in regard to balance ability followed by Judokas of 
Uttarakhand, Boxers of Uttarakhand, Wrestlers of Uttarakhand, 
Wrestlers of Uttar Pradesh and Boxers of Uttar Pradesh. 
Balance ability partially depends on the centre of gravity (CO) 
of sports person, which lies according to the height of a sportsperson. 
It is observed that the height of the sportspersons of Uttarakhand is 
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smaller than their counterparts' sports persons of Uttar Pradesh due to 
the geographical difference of two states. Due to the short height the 
centre of gravity (CG) in almost all the athletes of Uttarakhand lies 
low, which contributes to their better balance ability. Furthermore, the 
stance of the players during the bout in judo and wrestling also play a 
decisive role in providing stable balance. It is a proved fact that the 
broader the stance of an athlete greater the balance will be. Hence, due 
to the above mention fact the wrestlers and judokas have been found 
better in balance ability as compared to boxers. The findings of the 
present study are in agreement with the study of Kaur (2005) who 
conducted a study on 180 subject's comparison of coordinative 
abilities of Kho-kho players at different levels of participations and 
there was significant difference between various age groups of Kho-
kho players among the different levels of players and different age 
groups. 
Whereas an insignificant difference occurred on balance ability 
among Judokas of Uttarakhand and Uttar Pradesh, Wrestlers of 
Uttarakhand and Uttar Pradesh. Wrestlers and Boxers of Uttarakhand, 
Wrestlers of Uttarakhand and Boxers of Uttar Pradesh, Wrestlers of 
Uttar Pradesh and Boxers of Uttarakhand, Wrestlers and Boxers of 
Uttar Pradesh, Boxers of Uttarakhand and Uttar Pradesh. Our results 
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have been endorsed by Bhardwaj (2007) in his study on three levels of 
badminton players of Delhi state found no significant difference in 
regard to balance ability. 
Thus, our hypothesis that there would be no significant 
difference on Balance ability among various groups of subjects has 
been largely rej ected and partially accepted. 
On orientation ability significant differences were found among 
the groups of Judokas and Wrestlers of Uttarakhand, Judokas of 
Uttarakhand and Wrestlers of Uttar Pradesh, Judokas and Boxers of 
Uttarakhand, Judokas of Uttar Pradesh and Wrestlers of Uttarakhand, 
Judokas and Wrestlers of Uttar Pradesh, Judokas of Uttar Pradesh and 
Boxers of Uttarakhand, Wrestlers and Boxers of Uttarakhand, 
Wrestlers of Uttarakhand and Boxers of Uttar Pradesh, Wrestlers of 
Uttar Pradesh and Boxers of Uttarakhand, Wrestlers and Boxers of 
Uttar Pradesh, Boxers of Uttarakhand and Uttar Pradesh. Similar to 
reaction and balance ability, orientation ability has also been 
considered vital by most of the sports scientist. In order to succeed in 
a given competition the athletes need to help broader orientation in 
relation to their environment. In absence of proper orientation 
regarding the environment that includes all living and non living 
things, athletes can not adequate movement with decision, accuracy, 
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beauty and perfection. Our study has revealed that, the subjects of all 
three groups have high class orientation ability but with some 
difference among them. It has been explored that the Wrestlers of 
Uttarakhand have best orientation ability followed by Wrestlers of 
Uttar Pradesh, Boxers of Uttarakhand, Judokas of Uttar Pradesh, 
Boxers of Uttar Pradesh and Judokas of Uttarakhand. Orientation 
ability determines the changes in position and movements of the body 
in time and space. It is depicted from the findings of the present study 
that the wrestlers of both the states were found better than the judokas 
and boxers on orientation ability. It may be because of the kinaesthetic 
sense perception involved in wrestling, which assumes more 
importance for better orientation, (Singh, 1991). In wrestling the 
whole body parts can be put to attack or defence in comparison to the 
judo and boxing, where only upper parts of the body are involved 
during the bout. It might have been a valid and forceful reason that the 
wrestlers have been found better on orientation ability as compared to 
judokas and boxers due to the frequent changes in their positions. The 
findings of the present investigation have been endorsed by Kumar 
(2004) who conducted a study on coordinative abilities of Indian 
kabaddi players and observed significant difference between sub 
3 
juniors, juniors and seniors level kabaddi players on orientation 
ability. 
Whereas an insignificant difference have been found on 
orientation ability among Judokas of Uttarakhand and Uttar Pradesh, 
Judokas of Uttarakhand and Boxers of Uttar Pradesh, Judokas and 
Boxers of Uttar Pradesh and Wrestlers of Uttarakhand and Uttar 
Pradesh. Our results have been endorsed by Pandey and Pandey 
(2009) who compared the coordinative abilities of batsmen and 
bowlers participated in all India intervarsity cricket tournament and 
found no significant difference between bowlers and batsmen on 
coordinative abilities including orientation ability. 
Hence, our hypothesis that there would be no significant 
difference on orientation ability among various groups of subjects has 
been by and large rejected and partially accepted. 
As regard the differentiation and rhythmic abilities were 
concerned no significant differences were found among all the three 
groups of subjects. Our results have been re-affirmed by Ghosh (2002) 
who in a similar study conducted on track and field athletes, observed 
no significant difference between sprinters and junipers of two groups 
on all the coordinative abilities including differentiation and rhythmic 
ability. 
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Differentiation ability signifies fine tune and harmony of 
different movement phases and the movements of the body parts 
which largely depends on movement experiences and the degree of 
mastery over a skill. In our study all the three groups of subjects have 
been found identical on differentiation ability which confirms that all 
the athletes were quite experienced and have a mastery over different 
skills involved in their respective sports. 
As far as the rhythmic ability is concerned in almost all the 
sports, the movements have to be performed in the rhythmic manner. 
A movement can only be considered perfect when it possess accuracy, 
beauty as well as rhythm. In our study no significant differences have 
been found on rhythmic ability because of the above cited reasons. 
These findings have also been endorsed by Singh (1991) in regard to 
rhythmic and differentiation abilities. 
Therefore, the hypothesis that there would be no significant 
difference among the groups of subjects on differentiation and 
rhythmic abilities have been accepted. 
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CHAPTER V 
SUMMARY, CONCLUSION, RECOMENDATIONS 
AND SUGGESTIONS 
SUMMARY 
The present study was designed to compare selected 
coordinative abilities of male combative athletes belonging to Uttar 
Pradesh and Uttarakhand state police teams. The subjects for the 
experimental groups were randomly selected from the probables of 
coaching camps organized by the Uttarakhand and Uttar Pradesh state 
police in Judo, Boxing and Wrestling with the aim to groom their 
teams for All India Police games. Seventy five players from each state 
police (Judo=25, Boxing=25, Wrestling=25) were selected from each 
game and thus a total number of one hundred fifty subjects were for 
carrying out the present empirical investigation. The data was gathered 
at the coaching camps held at Varanasi, Lucknow, Kashipur, 
Rudrapur, Dehradun and Haridwar in 2009. 
The subjects were tested using a test battery developed by Hirtz 
(1985) on selected coordinative abilities i.e. Reaction ability, 
Orientation ability, Differentiation ability, Balance ability and 
Rhythmic ability. 
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A comparative statistical group design was fabricated to 
compare the group of athletes of three combat sports on the specific 
coordinative abilities. 
In order to explore the differences among the experimental 
groups on selected coordinative abilities, one way analysis of variance 
(ANOVA) was employed. Scheffe's Post hoc test was also used where 
ever the obtained 'F' ratio was reported significant. 
The results obtained from analysis of variance showed that there 
was significant difference on reaction ability between the groups of 
Judokas and Wrestlers of Uttarakhand, Judokas of Uttarakhand and 
Wrestlers of Uttar Pradesh, Judokas of Uttarakhand and Boxers of 
Uttar Pradesh, Judokas of Uttar Pradesh and Wrestlers of Uttarakhand, 
Judokas and Wrestlers of Uttar Pradesh, Judokas of Uttar Pradesh and 
Boxers of Uttarakhand, Judokas and Boxers of Uttar Pradesh, 
Wrestlers of Uttarakhand and Boxers of Uttar Pradesh, Wrestlers and 
Boxers of Uttar Pradesh, and Boxers of Uttarakhand and Uttar 
Pradesh. 
However, the insignificant differences on reaction abilities 
were observed between the groups of Judokas of Uttarakhand and 
Uttar Pradesh, Judokas and Boxers of Uttarakhand, Wrestlers of 
Uttarakhand and Uttar Pradesh, Wrestlers of Uttar Pradesh and Boxers 
135 
of Uttarakhand, Boxers and Wrestlers of Uttarakhand at 0.05 level of 
significance. 
On orientation ability there was a significant difference between 
the groups of Judokas and Wrestlers of Uttarakhand, Judokas of 
Uttarakhand and Wrestlers of Uttar Pradesh, Judokas and Boxers of 
Uttarakhand, Judokas of Uttar Pradesh and Wrestlers of Uttarakhand, 
Judokas and Wrestlers of Uttar Pradesh, Judokas of Uttar Pradesh and 
Boxers of Uttarakhand, Wrestlers and Boxers of Uttarakhand, 
Wrestlers of Uttarakhand and Boxers of Uttar Pradesh, Wrestlers of 
Uttar Pradesh and Boxers of Uttarakhand, Wrestlers and Boxers of 
Uttar Pradesh, Boxers of Uttarakhand and Uttar Pradesh. 
I owever, insignificant differences on orientation abilities were 
observed between the groups of Judokas of Uttarakhand and Uttar 
Pradesh. Judokas of Uttarakhand and Boxers of Uttar Pradesh, 
Judokas and Boxers of Uttar Pradesh, Wrestlers of Uttarakhand and 
Uttar Pradesh, at 0.05 level of significance as suggested by mean 
values of various experimental groups. 
On balance ability there was significant difference found among 
the groups of Judokas and Wrestlers of Uttarakhand, Judokas of 
Uttarakhand and Wrestlers of Uttar Pradesh, Judokas and Boxers of 
Uttarakhand, Judokas of Uttarakhand and Boxers of Uttar Pradesh, 
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Judokas of Uttar Pradesh and Wrestlers of Uttarakhand, Judokas and 
Wrestlers of Uttar Pradesh, Judokas of Uttar Pradesh and Boxers of 
Uttarakhand. Judokas and Boxers of Uttar Pradesh. 
However, no significant differences on balance ability were 
observed at .05 level between the groups of Judokas of Uttarakhand 
and Uttar Pradesh, Wrestlers of Uttarakhand and Uttar Pradesh, 
Wrestlers and Boxers of Uttarakhand, Wrestlers of Uttarakhand and 
Boxers of Uttar Pradesh, Wrestlers of Uttar Pradesh and Boxers of 
Uttarakhand. Wrestlers and Boxers of Uttar Pradesh, Boxers of 
Uttarakhand and Uttar Pradesh. 
In order to explore the differences among six groups of subjects 
belonging to Uttarakhand and Uttar Pradesh on Differentiation Ability 
and Rhythmic Ability, analysis of variance was computed that there 
was no significant difference among the groups was found at .05 level 
of significance. 
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CONCLUSIONS 
Based on the results obtained from statistical treatment of the 
data, the following conclusions have been drawn: 
1. Significant difference was found between Judokas and Wrestlers 
of Uttarakhand on reaction ability. However, Wrestlers were 
found better in comparison to Judokas. 
2. Significant difference was observed between Judokas of 
Uttarakhand and Wrestlers of Uttar Pradesh on reaction ability. 
On this ability Wrestlers of Uttar Pradesh superseded Judokas of 
Uttarakhand. 
3. On Reaction ability, Judokas and Boxers of Uttarakhand differ 
with each other. Whereas, Boxers were found better in 
comparison to J udokas. 
4. Significant difference was found between Judokas of Uttar 
Pradesh and Wrestlers of Uttarakhand on reaction ability. 
Wrestlers of Uttarakhand scored higher on this ability when 
compared to Judokas of Uttar Pradesh. 
5. On reaction ability significant difference was found between 
Judokas and Wrestlers of Uttar Pradesh. Interestingly, Wrestlers 
were found better in comparison to Judokas on this ability. 
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6. Judokas and Boxers of Uttar Pradesh significantly differ with 
each other on reaction ability. On this ability Boxers were found 
better in comparison to Judokas. 
7. Significant difference was found between Judokas of Uttar 
Pradesh and Boxers of Uttarakhand on reaction ability. Whereas, 
Judokas of Uttar Pradesh were found better in comparison to 
Boxers of Uttarakhand. 
8. Significant difference was found between Wrestlers and Boxers 
of Uttarakhand on reaction ability. When Wrestlers were found 
better in comparison to Boxers. 
9. Wrestlers of Uttar Pradesh and Boxers of Uttarakhand on reaction 
ability significantly differ with each other. Wrestlers of Uttar 
Pradesh in comparison to Boxers of Uttarakhand scored higher on 
this ability. 
10. Significant difference was found between Boxers of Uttar 
Pradesh and Uttarakhand on reaction ability. Boxers of Uttar 
Pradesh were found better in comparison to Boxers of 
Uttarakhand on this ability. 
11, Significant difference was found between Judokas and Wrestlers 
of Uttarakhand on orientation ability. Wrestlers reported to have 
better orientation ability as compared to Judokas. 
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12. Significant difference was found between Judokas of 
Uttarakhand and Wrestlers of Uttar Pradesh, on orientation 
ability. Wrestlers of Uttar Pradesh possessed better orientation 
ability in comparison to Judokas of Uttrakhand. 
13. Significant difference was found between Judokas and Boxers of 
Uttarakhand on orientation ability, Where, Boxers were found 
better in comparison to Judokas. 
14. Significant difference existed between Judokas of Uttar Pradesh 
and Wrestlers of Uttarakhand on orientation ability. Wrestlers of 
Uttarakhand were found better in comparison to Judokas of Uttar 
Pradesh on this ability. 
15. Significant difference between Judokas and Wrestlers of Uttar 
Pradesh was observed on orientation ability. However, Wrestlers 
scored better in comparison to Judokas. 
16. Significant difference was found between Judokas of Uttar 
Pradesh and Boxers of Uttarakhand on orientation ability. Here 
on this ability Boxers of Uttarakhand were found better in 
comparison to Judokas of Uttar Pradesh. 
17. Significant difference was found between Wrestlers and Boxers 
of Uttarakhand on orientation ability. Whereas, Wrestlers were 
found better in comparison to Boxers. 
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18. Wrestlers of Uttarakhand and Boxers of Uttar Pradesh 
significantly vary with each other on orientation ability. Whereas, 
Wrestlers of Uttarakhand were found slightly better in 
comparison to Boxers of Uttar Pradesh. 
19. Significant difference was found between Wrestlers of Uttar 
Pradesh and Boxers of Uttarakhand on orientation ability. 
Whereas, Wrestlers of Uttar Pradesh had better orientation ability 
as against Boxers of Uttarakhand. 
20. Wrestlers and Boxers of Uttar Pradesh significantly differ with 
each other on orientation ability. Wrestlers were reported to have 
better orientation ability as against Boxers of the same State. 
21. Significant difference was found between Boxers of Uttarakhand 
and Uttar Pradesh on orientation ability. However, Boxers of 
Uttarakhand were found better in comparison to Boxers of Uttar 
Pradesh. 
22. On balance ability significant difference was found between 
Judokas and Wrestlers of Uttarakhand. Judokas outclassed 
Wrestlers on this ability. 
23. Judokas of Uttarakhand and Wrestlers of Uttar Pradesh 
significantly differ with each other on balance ability. However, 
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Judokas of Uttarakhand on this ability were found better in 
comparison to Wrestlers of Uttar Pradesh. 
24. Significant difference was found between Judokas and Boxers of 
Uttarakhand on their balance ability. Judokas as compared to 
Boxers had better balance ability. 
25. Significant difference was found between Judokas of 
Uttarakhand and Boxers of Uttar Pradesh on balance ability. Here 
on this ability Judokas of Uttarakhand were found better in 
comparison to Boxers of Uttar Pradesh. 
26. Significant difference was observed between Judokas of Uttar 
Pradesh and Wrestlers of Uttarakhand on balance ability. 
Whereas, Judokas of Uttar Pradesh were found better in 
comparison to Wrestlers of Uttarakhand. 
27. Judokas and Wrestlers of Uttar Pradesh significantly vary with 
each other on balance ability. Whereas, Judokas were found 
better in comparison to Wrestlers. 
28. Significant difference was found between Judokas of Uttar 
Pradesh and Boxers of Uttarakhand on balance ability. Whereas, 
Judokas of Uttar Pradesh were found better in comparison to 
Boxers of Uttarakhand. 
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29, Significant difference between Judokas and Boxers of Uttar 
Pradesh have been observed on balance ability. On this ability 
Judokas were found better in comparison to Boxers. 
30. On differentiation and rhythmic ability, our study did no yield 
any significant differences among all six groups of subjects. i.e. 
Uttar Pradesh Boxers, Uttar Pradesh Judokas, Uttar Pradesh 
Wrestlers, Uttarakhand Boxers, Uttarakhand Judokas and 
Uttarakhand Wrestlers. Thus, it may be concluded that all the 
above six groups were identical on differentiation and rhythmic 
abilities. 
RECOMMENDATIONS 
In view of the findings of the present investigation, the following 
recommendations have been made: 
1. As the present investigation included only five coordinative 
abilities, remaining two coordinative abilities namely adaption 
ability and coupling ability should also be studied on the same 
experimental groups. 
2. Similar study may be replicated on female combative athletes 
belonging to Judo, Boxing and Wrestling. 
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3. Since, the present study was conducted on the police personnel of 
Uttar Pradesh and Uttarakhand, similar study may be conducted 
on the subjects of other states. 
4. Other components of performance such as conditional abilities, 
skills and tactical abilities should also be studied along with 
coordinative abilities on the athletes of other games. 
5. For proper generalization of the results of present work, a similar 
study may be undertaken on a larger sample. 
6. Due weightage should be given to coordinative abilities during 
the course of selection of athletes as well as during the process of 
their coaching and enhancing their performance. 
SUGGESTIONS 
Keeping in view the outcome of the present study the following 
suggestions have been put forward for their effective implementation: 
1. Sports Federations and Associations should emphasize on the 
specific development of coordinative abilities of their players and 
teams. 
2. As the coordinative abilities depend upon the control and 
regulation process of central nervous system their systematic 
development should be ensured from the childhood. 
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3. Coaches should take special care for improving required 
coordinative abilities for proper and fast acquisition of techniques 
and skills of the concerned games. 
4. The Sports authority of India should chalkout a special training 
programme to develop special coordinative abilities among the 
masses. 
5. Independent and accentuated training sessions should be assigned 
and executed exclusively on coordinative abilities during coaching 
camps. 
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ADDITIONAL SUGGESTIONS 
I. 
	
	Sports scientists and researchers should also venture to assess 
the contribution of accentuated coordinative abilities in other 
technical games i.e. hockey, cricket, football etc. 
2. As coupling and adaptation abilities also play vital role in almost 
all the combative sports, hence the researchers should 
specifically design to explore their role in conjunction with the 
coordinative abilities included in the present work. 
3. Study should be undertaken on a border sample size for drawing 
meaningful generalization of the obtained results. 
4. Tn view of the results of the present empirical work it is also 
suggested that the due emphasis should be laid on the specific 
coordinative abilities during the process of techno-tactical 
training in all the games and sports in general and technical/ 
combative sports in particular. 
5. As the coordinative abilities are by-product of motor control and 
regulation processess of central nervous system and very little 
improvement is thus possible through a training regimen, hence 
while selecting young talent for any game/ sports, specific 
coordinative abilities should be considered the decisive 
parameter for predicting future performance. 
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Appendices 
Appendix-A 
Raw Scores of Reaction Ability 
(In centimetres) 
S.No. JUK BUKL WUK JUP 
180 
148 
163 
160 
BUP 
157 
178 
155 
156
- 
 
WUP 
1552 I 	137 
140 
145_ 
___i_1T 	155 
2. 	171 
145 140 
148 	147 
145 	130 3. 	172 
4. 	149 
160 
179 	1L3  
143 5.  
6.  
172 
150 
173 164 
146 
149 
143 152 	150 175 
147 
180 
170 
173 
140 
168 
180 
7. 	130 190 	143 130 
162 
152 
163 
165 
140 
	
8. 	165 
9. 	157 
150 	150 
155 	150 
188 	142 10. 	156 126 
146 
124 
115 
152 
147 
155 
143 
11. 	172 
12. 	161 
164 	140 
170 	165 
145 	169 13. 	175 
14. 135 168 141 144 
162 
155 
142 154 
15. 	160 196 	160 154 
163 
173 
182j 
166 
157T161 
144 
156 
147 
156 
_132 
16. 	145 168 	1 	150 
188 	165 17. 140 
18. I 	169 
162 
180 	1 	137 _ 158 
157 
147 
19. 	145 185 	1 	145 
20. 	155 19t 
154 
192 
150 
132 
150 
21. 
22. 
23. 
24. 
25.  
172 
145 
166 
162 
150 
136 
161 
134 
140 
142_ 
151 
160 	136 
162 	158 
186 	135 
153 
155 
156 148 
143 144 
168 154 I 	162 
Appendix-B 
Raw Scores of Orientation Ability 
(In Seconds) 
S.No. JUK 	BUK WUK 
4.91 
JUP BUP WUP 
1.  7.80 7.82 7.60 8.18 6.10 
2.  7.70 6.66 5.00 7.12 9.15 5.20 
3.  7.40 6.35 5.25 7.61 8.50 5.90 
4.  8.50 7.81 5.06 8.10 8.46 5.00 
5.  7.20 6.91 5.59 7.66 7.30 4.80 
6.  8.66 5.98 5.03 7.52 7.13 7.82 
7.  8.65 6.94 6.56 8.90 7.25 7.49 
8.  7.15 7.30 6.88 8.40 7.37 6.43 
9.  8.90 8.00 7.19 7.80 8.47 6.81 
10.  7.40 7.84 7.03 7.60 6.50 5.60 
11.  7.70 6.50 8.12 7.15 8.34 8.00 
12.  8.20 7.75 6.90 8.31 7.15 5.20 
13.  7.90 7.98 6.31 8.00 6.92 7.21 
14.  9.00 7.20 7.44 7.75 7.25 7.00 
15.  8.30 6.53 7.69 7.14 7.75 5.90 
16.  7.90 7.53 5.66 8.11 8.91 6.51 
17.  8.30 6.12 5.16 7.25 7.19 7.00 
18.  7.40 6.32 7.15 9.00 9.29 4.72 
19.  7.40 7.16 4.78 8.00 7.85 4.78 
20.  8.21 4.90 4.75 8.14 9.38 7.12 
21.  8.70 6.92 5.22 8.70 6.89 5.28 
22.  9.00 7.54 5.85 8.70 7.38 6.63 
23.  7.40 6.91 6.47 7.11 7.13 4.98 
24.  8.30 7.68 5.16 7.42 8.72 5.60 
25. j 7.14 7.22 7.12 7.20 8.15 6.70 
Appendix-C 
Raw Scores of Differentiation Ability 
(Max. Point score) 
S.No. 
1. 
2. 
JUK 
09 
14 
BUK T W UK 
12 	10 
JUP 
10 
BUP 
07 
WUP 
07 
11 13 07 11 09 
3. 	09 09 	08 09 05 10 
4. 08 
5. 09 
13 	_Li 07 07 ii 
08  11 	09 07 06 
6. 11 07 	07 
14 	T 	08 
06 08 -  11 
7. 07 08 —14 04 
8. 09 13 	15 09 05 11 
9. 10 04 	07 11 07 07 
10. 07 04O2 
06 	IS 
12 09 06 
11. jO9 
12. 08 
10 12 11 
07 12 	08 08 10 
13. 15 14 	09 to 09 
13 
09 
12 14. 	08 10 	_ 	09 08 
15. 	l3 12 	14 07 10 09 
16. 14 
17. 4 	15 
11 15 09 
04 
08 
15 
14 
07 	05 07 
18. 11_ 
19. 08 
10 	12 04 09 11 
11 15 }l 08 15 
20.  
21.  
12 14 	L 	L1 06 
10 
11 
06 
09 
07 10 	13 _ 12 
22. 14 07 	09 12 13 05 
23. 07 13 	09 09 09 05 
24. 10 06 	13 08 11 —10 
25. 	09 11 	07 12 12 08 
Appendix-D 
Raw Scores of Balance Ability 
(In Seconds) 
S.No. 	JUK 	BUK 	WUK 
1. 9.78 	9.31 f 	10.15 
JUP 	BUP WUP 
9.15 	9.15 10.13 
2. I 9.54 9.52 10.71 9.09 10.17 10.64 
3.  9.60 10.32 10.64 9.92 9.86 10.89 
4.  10.00 9.45 9.54 9.10 10.64 10.62 
5.  9.19 9.91 9.24 9.68 10.52 10.52 
6. 9.24 9.87 9.45 9.58 10.12 10.23 
7.  9.22 9.91 10.12 9.30 10.30 10.42 
8.  9.60 9.56 10.30 10.09 9.55 10.10 
9.  9.70 	10.20 10.55 9.12 9.64 10.33 
10.  10.12 	10.41 9.64 10.21 9.15 9.33 
11. 9.41 	10.24 10.15 9.43 10.09 9.51 
12. 9.42 9.69 9.92 9.24 10.15 9.64 
13.  9.35 9.38 9.09 9.54 10.54 10.10 
14.  9.19 10.22 9.64 9.60 10.46 9.97 
15.  9.90 10.41 10.15 9.84 10.19 10.03 
16.  9.75 	9.67 I 	9.54 9.70 10.22 10.17 
17. 9.06 _9.72 
	
10.46 	9.12 
10.19 	I 	9.92 
10.41 9.60 
18. 9.81 9.55 10.33 10.52 
19. 9.90 10.02 9.22 9.54 10.00 9.41 
20.  10.05 9.67 10.41 9.45 9.12 10.22 
21. 9.46 10.61 9.32 9.19 10.79 9.20 
22. 9.71 10.15 10.00 9.22 10.52 9.45 
23.  9.68 10.70 9.12 10.00 10.85 9.33 
24.  9.55 10.62 10.54 10.12 10.81 10.13 
25.  9.00 10.28 10.89 9.33 9.49 10.42 
Appendix-E 
Raw Scores of Rhythmic Ability 
(In Seconds) 
S.No. TiJUK BUK WUK JUP BUP WUP 
1. , 	1.43 0.28 0.31 1.40 1.54 1.10 
2.  1.61 0.38 0.97 0.83 0.60 1.07 
3.  0.81 0.75 0.35 1.50 1.45 1.05 
4. 0.35 0.57 0.26 1.66 1.67 0.45 
5. 0.71 0.70 0.06 1.12 1.29 0.58 
6.  1.33 1.44 0.71 1.47 1.37 0.68 
7.  1.20 1.03 0.68 1.09 1.56 1.09 
8.  1 	1.12 0.30 1.06 1.60 1.23 1.18 
9.  0.65 0.54 	1.02 0.45 1.46 1.34 
10.  1.19 0.81 	1.37 0.88 0.95 0.45 
11. 0.33 0.78 1.28 0.66 	1.34 1.06 
12. 0.59 1.22 1.56 0.28 1.08 0.59 
13. 0.53 1.63 1.74 1.11 0.91 0.84 
14. 0.88 1.00 1.41 0.35 1.44 1.41 
15. 1.54 0.28 1.27 1.18 2.15 1.17 
16.  0.79 0.63 0.44 0.79 1.51 1.40 
17.  1.39 0.56 1.59 1.73 1.45 0.99 
18. L 	1.19 1.38 , 	0.88 1.71 0.97 1.28 
19. 1.21 1.75 1.25 1.22 1.56 1.00 
20. 1.19 0.71 1.13 169 1.19 1.19 
21. 1.11 1.73 0.29 0.70 1.50 0.29 
22.  0.66 1.18 1.17 0.53 0.58 1.17 
23.  0.74 0.66 0.92 1.24 1.31 1.05 
24. 0.55 0.97 1.02 0.60 0.86 1.12 
25. 	, 	0.89 1.53 0.73 0.72 0.37 0.91 
